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PREFACE

This is the fifteenth in a series constituting a "public record" of activities in regard to the

National Institutes of Health (NIH) Guidelines for recombinant DNA research.

The first fourteen volumes cover events from February 1975 through July 1991. This

fifteenth volume covers events from August 1991 through June 1992.

Starting from Volume 14, human gene transfer/therapy protocols that have been approved

by the NIH Recombinant DNA Advisory Committee, are collected. Documents of each

human study include the clinical protocol, the Informed Consent document describing the

study in a nontechnical language, both scientific and nontechnical abstracts, and curriculum

vitae of the principal investigators.

Volumes 1 through 5 in this series and the Environmental Impact Statement may be

purchased from the Superintendent of Documents, U.S. Government Printing Office (GPO),

Washington, DC 20402 or GPO bookstores in selected cities throughout the United States.

They may also be viewed in some 600 public libraries of the GPO depository system. The
GPO stock numbers are: Volume 1, 017-004-00398-6; Volume 2, 017-040-00422-2; Volume
2 Supplement (Environmental Impact Statement), 017-040-00413-3; Volume 3, 017-040-

00429-0; Volume 3 Appendices, 017-040-0043-3; Volume 4, 017-040-00443-5; Volume 4

Appendices 017-040-00422-7; and Volume 5, 017-040-00470-2. Volumes 6 through 15 are

available from the Office of Recombinant DNA Activities, Building 31, Room 4B11,

National Institutes of Health, Bethesda, MD 20892 USA.
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DEPARTMENT OF HEALTH AND
HUMAN SERVICES

National Institutes of Health

Recombinant DNA Advisory
Committee; Meeting

Pursuant to Public Law 92-463, notice

is hereby given of a meeting of the

Recombinant DNA Advisory Committee
on October 7-8, 1991. The meeting will

be held at the National Institutes of

Health (NIH), Building 31C, Conference
Room 6, 9000 Rockville Pike, Bethesda,

Maryland 20892, starting at

approximately 9 a.m. on October 7 to

adjournment at approximately 5 p.m. on
October 8. The meeting will be open to

the public to discuss the following

proposed actions under the NIH
Guidelines for Research Involving

Recombinant DNA Molefcules (51 FR
16958):

Proposed Major Actions to the NIH
Guidelines:

Four additions to Appendix D of the

NIH Guidelines Regarding Human Gene
Transfer Protocols;

.
Amend Appendices B-I-B-l and B-I-

B-2 of the NIH Guidelines to include

only pathogenic genera and species of

the bacterial order, Actinomycetales, in

the current list of microorganisms.

Other Matters To Be Considered by the

Committee

Attendance by the public will be
limited to space available. Members of

the public wishing to speak at this

meeting may be given such opportunity
at the discretion of the Chair.

Dr. Nelson A. Wivel, Director, Office
of Recombinant DNA Activities,

National Institutes of Health. Building

31, room 4B11, Bethesda, Maryland
20392, Phone (301) 496-9838, FAX (301)

496-9839, will provide materials to be
discussed at this meeting, roster of
committee members, and substantive
program information. A summary of the
meeting will be available at a later date.

OMB’s "Mandatory Information
Requirements for Federal Assistance
Program Announcements” (45 FR 39592,

June 11, 1980) requires a statement
concerning the official government
programs contained in the Catalog of
Federal Domestic Assistance. Normally
NIH lists in its announcements the
number and title of affected individual
programs for the guidance of the public.

Because the guidance in this notice
covers not only virtually every NIH
program but also essentially every
Federal research program in which DNA
recombinant molecule techniques could
be used, it has been determined not to

be cost effective or in the public interest

to attempt to list these programs. Such a

list would likely require several

additional pages. In addition, NIH could
not be certain that every Federal

program would be included as many
Federal agencies, as well as private

organizations, both national and
international, have elected to follow the

NIH Guidelines. In lieu of the individual

program listing, NIH invites readers to

direct questions to the information
address above about whether individual

programs listed in the Catalog of Federal
Domestic Assistance are affected.

'

Dated: August 27, 1991.

Jeanne N. Ketley,

Acting Committee Management Officer, NIH.

[FR Doc. 91-21057 Filed 8-30-91; 8:45 am]

BILUNG CODE 4140-01-M

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

Recombinant DNA Research:
Proposed Actions Under the
Guidelines

AGENCY: National Institutes of Health,

PHS, DHHS.
ACTION: Notice of proposed actions

under the NIH Guidelines for Research
Involving Recombinant DNA Molecules
(51 FR 16958).

SUMMARY: This notice sets forth

proposed actions to be taken under the

National Institutes of Health (NIH)
Guidelines for Research Involving

Recombinant DNA Molecules.
Interested parties are invited to submit
comments concerning these proposals.

These proposals will be considered by
the Recombinant DNA Advisory
Committee (RAC) at its meeting on
October 7-8, 1991. After consideration of

these proposals and comments by the

RAC, the Director of the National
Institutes of Health will issue decisions

in accordance with the NIH Guidelines.

DATES: Comments received by
September 25, 1991, will be reproduced
and distributed to the RAC for

consideration at its October 7-8, 1991,

meeting.

ADDRESSES: Written comments and
recommendations should be submitted
to Dr. Nelson A. Wivel, Director, Office

of Recombinant DNA Activities,

Building 31, room 4B11, National
Institutes of Health, Bethesda, Maryland
20892, or sent by fax to 301-^496-9839.

All comments received in timely

response to this notice will be
considered and will be available for

public inspection in the above office on
weekdays between the hours of 8:30

a.m. and 5 p.m.

FOR FURTHER INFORMATION CONTACT:
Background documentation and
additional information can be obtained
from the Office of Recombinant DNA
Activities, Building 31, room 4B11,

National Institutes of Health, Bethesda,

Maryland 20892, (301) 496-9838.

SUPPLEMENTARY INFORMATION: The NIH
will consider the following actions

under the NIH Guidelines for Research
Involving Recombinant DNA Molecules:

I. Addition to Appendix D of the “NIH
Guidelines” Regarding a Human Gene
Therapy Protocol/Dr. Freeman

: In a letter dated May 10, 1990, Dr.

Scott M. Freeman of the University of

Rochester School of Medicine indicated

his intention to submit a human gene
therapy protocol to the Human Gene
Therapy Subcommittee and the

Recombinant DNA Advisory Committee
for formal review and approval. The title

of this protocol is: "Gene Transfer for

the Treatment of Chncer.”

The protocol was reviewed during the

Human Gene Therapy Subcommittee
meeting on July 29-30, 1991. Provisional

approval was given with the stipulation

that the PA-1 ovarian cancer cell line be
tested for potential pathogens as per

FDA guidelines. Further, it was
requested that there should be more
preclinical studies on the MFG vector to

assure that it does not contain

replication competent retroviruses.

The Human Gene Therapy
Subcommittee forwarded the protocol to

the Recombinant DNA Advisory

Committee for consideration during the

October 7-8, 1991, meeting.

II. Additions to Appendix D of the "NIH
Guidelines” Regarding Human Gene
Therapy Protocols/Dr. Rosenberg

In a letter dated June 6, 1991, Dr.

Steven A. Rosenberg of the National

Institutes of Health indicated his

intention to submit two human gene

therapy protocols to the Human Gene
Therapy Subcommittee and the

Recombinant DNA Advisory Committee
for formal review and approval.

The first protocol is entitled:

"Immunization of Cancer Patients Using

Autologous Cancer Cells Modified by
Insertion of the Gene for Tumor
Necrosis Factor.”

The second protocol is entitled:

"Immunization of Cancer Patients Using

Autologous Cancer Cells Modified by
Insertion of the Gene for Interleukin-2."

The protocol was reviewed during the

Human Gene Therapy Subcommittee
(HGTS) meeting on July 29-30, 1991.

Provisional approval was granted with

the following stipulations. Although the

NIH Institutional Biosafety Committee

[
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had requested a preliminary experiment

using tumor cells that were not gene-

modified, the HGTS requested that only

tumor cells transduced with the cytokine

genes be used in these protocols.

Further, the Principal Investigator was
requested to report his results after the

first Five patients have been studied; he

was asked to measure the rate of cell

growth at the injection site, and to do a

polymerase chain reaction assay for

cytokine DNA in the inguinal lymph
nodes and in tumor biopsies at other

sites in the body.

The HGTS forwarded the protocol to

the Recombinant DNA Advisory
Committee for consideration during the

October 7-8. 1991, meeting.

III. Addition to Appendix D of the “NIH
Guidelines” Regarding a Human Gene
Therapy Protocol/Dr. Wilson

In a letter dated June 7, 1991, Dr.

James M. Wilson of the University of

Michigan Medical Center indicated his

intention to submit a human gene
therapy protocol to the Human Gene
Therapy Subcommittee and the

Recombinant DNA Advisory Committee
for formal review and approval. The title

of this protocol is: “Gene Therapy of

Familial Hypercholesterolemia."

The protocol was reviewed during the

Human Gene Therapy Subcommittee
meeting on July 29-30, 1991. Provisional

approval was granted with the following

stipulations. It was requested that the

Principal Investigator provide additional

data about the quality control of the

vector system and the characteristics of

the packaging cell line. In addition, the

consent form is to be reviewed following

several requested changes.

The Human Gene Therapy
Subcommittee forwarded the protocol to

the Recombinant DNA Advisory
Committee for consideration during the

October 7-8, 1991, meeting.

IV. Amend Appendices B-I-B-l and B-
I-B-2 and the “NIH Guidelines"

regarding the Bacterial Order,

“Actinomycetales"

In a written request dated April 15,

1991, Dr. Diane O. Fleming of Merck &
Co., Inc., requested that only pathogenic

genera and species of the bacterial

order, Actinomycetales. be included in

Appendix B-I-B-l of the NIH
Guidelines.

It was proposed that the following

pathogens be included under Bacterial

Agents in Appendix B-I-B-l of the NIH
Guidelines as follows:

Actinomadura madurae
Actinomadura pelletieri

Actinomyces bovis

Actinomyces israelii

Nocardia asteroides

Nocardia brasiliensis

In Appendix B-I-B-2, the entry under

Actinomycetes would be deleted.

This request was reviewed at the

Recombinant DNA Advisory Committee
meeting on May 30-31, 1991. Following a

discussion there was agreement that the

Actinomyces should be reclassified as

bacteria and removed from the list of

fungi. However, there was disagreement

about the number of species to be listed

as pathogens. The number was thought

to be considerably larger than the six

species proposed for inclusion. Dr.

Fleming was asked to consult with

leading experts in the field and return

with a revised list of pathogens, which
will be reviewed at the Recombinant
DNA Advisory Committee meeting on

October 7-8, 1991.

V. Discussion of Future Role of Human
Gene Therapy Subcommittee

At its meeting on July 29-30, 1991, the

Human Gene Therapy Subcommittee
held a discussion about ways to shorten

the review process for human gene
therapy protocols. It was suggested by
some members that consideration be
given to merging the Human Gene
Therapy Subcommittee and the

Recombinant DNA Advisory Committee
with the idea that the present system
creates an unnecessary double hurdle.

The Recombinant DNA Advisory
Committee will consider the issues

raised at the most recent Human Gene
Therapy Subcommittee meeting.

VI. Other Matters To Be Considered by
the Committee

Attendance by the public will be

limited to space available. Members of

the public wishing to speak at this

meeting may be given such opportunity

at the discretion of the Chair.

Dr. Nelson A. Wivel, Director. Office

of Recombinant DNA Activities,

National Institutes of Health, Building

31, room 4B11, Bethesda, Maryland
20892. Phone (301) 496-9838, FAX (301)

496-9839, will provide materials to be

discussed at this meeting, roster of

committee members, and substantive

program information. A summary of the

meeting will be available at a later date.

OMB’s “Mandatory Information

Requirements for Federal Assistance

Program Announcement” (45 FR 39592,

June 11, 1980) requires a statement

concerning the official government
programs contained in the Catalog of

Federal Domestic Assistance. Normally
NIH lists in its announcements the

number and title of affected individual

programs for the guidance of the public.

Because the guidance in this notice

covers not only virtually every NIH
program but also essentially every

Federal research program in which DNA
recombinant molecule techniques could

be used, it has been determined not to

be cost effective or in the public interest

to attempt to list these programs. Such a

list would likely require several

additional pages. In addition, NIH could

not be certain that every Federal

program would be included as many
Federal agencies, as well as private

organizations, both national and
international, have elected to follow the

NIH Guidelines. In lieu of the individual

program listing, NIH invites readers to

direct questions to the information

address above about whether individual

programs listed in the Catalog of Federal

Domestic Assistance are affected.

Dated: August 23, 1991.

Kurt Habel,

Acting Associate Directorfor Science Policy

and Legislation. NIH.

[FR Doc. 91-21058 Filed 8-30-91; 8:45 am]
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DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE

NATIONAL INSTITUTES OF HEALTH

RECOMBINANT DNA ADVISORY COMMITTEE

MINUTES OF MEETING1

October 7-8, 1991

The Recombinant DNA Advisory Committee (RAC) was convened for its forty-seventh

meeting at 9:00 a.m. on October 7, 1991, in Building 31C, Conference Room 6, National

Institutes of Health, 9000 Rockville Pike, Bethesda, Maryland 20892. Dr. Gerard J.

McGarrity (Chair) presided. In accordance with Public Law 92-463, the meeting was

open to the public. The following were present for all or part of the meeting:

Committee members:

Ronald M. Atlas, University of Louisville

John H. Barton, Stanford Law School

A1 W. Bourquin, Ecova Italia

Michael F. Brewer, Dunn and Bradstreet Corporation

Nancy L. Buc, Weil, Gotshal and Manges
Alexander M. Capron, University of Southern California

Ira H. Carmen, University of Illinois

Roy H. Doi, University of California

Anna C. Epps, Tulane University

E. Peter Geiduschek, University of California, San Diego

Martin F. Gellert, National Institutes of Health

Robert Haselkorn, University of Chicago

William N. Kelley, University of Pennsylvania Medical Center

Brigid G. Leventhal, Johns Hopkins Hospital

Brian F. Mannix, Buckland Mill Associates

Gerard J. McGarrity, Coriell Institute for Medical Research

R. Scott Mclvor, University of Minnesota

Barbara E. Murray, University of Texas

Leonard E. Post, Parke-Davis Pharmaceutical Division

Moselio Schaechter, Tufts University

1The RAC is advisory to the National Institutes of Health (NIH), and its
recommendations should not be considered as final or accepted. The Office of
Recombinant DNA Activities should be consulted for NIH policy on specific
issues.
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Executive secretary:

Nelson A. Wivel, National Institutes of Health

A committee roster is attached (Attachment).

Ad hoc consultant:

LeRoy Walters, Georgetown University

Non-voting agency representatives:

Phillip Harriman, National Science Foundation

Daniel P. Jones, National Endowment of the Humanities

Henry I. Miller, Food and Drug Administration

Ralph E. Yodaiken, Department of Labor

National Institutes of Health staff:

W. French Anderson, NHLBI
Leon Baltrucki, NHLBI
Bobbi Bennett, OD
Robert Cowherd, NCI
Cindy Dunbar, NHLBI
Patrick Hwu, NCI
Christine Ireland, OD
Susan Jenks, NCI
Becky Lawson, OD
Lauren Linton, OD
Charles MacKay, OD
Steven Rosenberg, NCI
Paul Seder, OD
Mark Stewart, NHLBI
Theresa Wang, NHLBI
Debbie Wilson, OD
John Yannelli, NCI

Others:

Paul Aebersold, Food and Drug Administration

Frank Blanchard, Howard Hughes Medical Institute

Ken Blaylock, ABC News

Recombinant DNA Research, Volume 15
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Arindam Bose, Pfizer Central Research

Shannon Brownlee, U.S. News
Joseph Chen, U.S. Department of Agriculture

Yawen Chiang, Genetic Therapy, Inc.

Robert Cooke, Newsday
Carol Ezzell, Science News
Oscar Fisher, Hood College

Diane Fleming, Merck & Co.

Jeffrey Fox, Science Writer

Scott Freeman, University of Rochester Medical Center

Diane Gershon, Nature Magazine

T. Venkat Gopal, Otsuka Pharmaceuticals

Jennifer Grace, Hood College

Bill Greenwood, ABC News
Marianne Grossman, University of Michigan

Robin Herman, The Washington Post

Yasuo Iriye, Otsuka Pharmaceuticals

Bill Jenkins, ABC News
Attila Kadar, Food and Drug Administration

Michael Kaleko, Genetic Therapy, Inc.

Richard Knudsen, Center for Disease Control

Cheryl Ledford, Hood College

Fred Ledley, Howard Hughes Medical Institute

Karen Lim, Hood College

Craig McCune, University of Rochester Cancer Center

Michael McNeil, Center for Disease Control

Robert Moen, Genetic Therapy, Inc.

Lisa Morris, Genetic Therapy, Inc.

Cheryl Osborne, Viagene Inc.

Chris Plein, University of Missouri

Cathleen Schmidt, Hood College

Karen Schmidt, Science News
Tomiko Shimada, AAI, Inc.

Beth Smith, Hood College

Sharon Smith, Hood College

Sue Smith, Food and Drug Administration

Clarence Styron, Monsanto Company
Larry Thompson, The Washington Post

Paul Tolstoshev, Genetic Therapy, Inc.

George Wallrodt, Stenotech, Inc.

David Wheeler, The Chronicle of Higher Education

Lisa White, The Blue Sheet
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James Wilson, University of Michigan

Ningsun Yang, Agricetus

James Zwiebel, Georgetown University Medical Center
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I. CALL TO ORDER

Dr. McGarrity (Chair) called the meeting to order at 9:00 a.m., on October 7, 1991. He
noted that due notice of the meeting was published in the the Federal Register dated

September 3, 1991, and that a quorum was present. This committee serves as advisor to

the Director of the National Institutes of Health (NIH). The Director has three options.

She may accept the committee's recommendation, she may reject the recommendation,

or she may send the committee's actions and votes back to the committee for further

deliberation. Dr. McGarrity introduced the ad hoc consultant to the committee, Dr.

LeRoy Walters, who is the Chair of the Human Gene Therapy Subcommittee (HGTS).

II. MINUTES OF THE MAY 30-31, 1991, MEETING

Dr. McGarrity called on Ms. Buc to comment on the minutes of the May 30-31, 1991,

meeting of the RAC. Ms. Buc said she had read through the minutes, and they were

accurate. She moved they be approved. Dr. McGarrity noted the second reviewer, Dr.

Hirano, was not present. He asked Dr. Wivel to appoint another member to review the

minutes and defer approval of the minutes until tomorrow morning, October 8.

III. PROPOSED AMENDMENT TO APPENDIX D OF THE NIH GUIDELINES
REGARDING HUMAN GENE TRANSFER PROTOCOL ENTITLED GENE
TRANSFER FOR THE TREATMENT OF CANCER

Dr. Gellert noted this proposal was considered by the HGTS at its meeting in July. The
protocol is designed to kill ovarian cancer cells using gene therapy. The patient will be

infused with tumor cells which have been transduced with the herpes simplex virus

(HSV) thymidine kinase gene (TK). These cells are now exquisitely sensitive to killing

by the drug, ganciclovir. However, there is a possibility that neighboring cells will also

be killed.

Dr. Gellert said the investigators had performed animal experiments in which tumor cells

were infused into mice. Shortly thereafter, the gene-modified tumor cells were

introduced, and the mice were then treated with ganciclovir. Following the

administration of ganciclovir, a small proportion of non gene-modified tumor cells were

also killed. He said the mouse model did not meet the criterion of being the most

appropriate animal model as is required in the Points to Consider for the Design and
Submission of Protocols for the Transfer of Recombinant DNA into the Genome ofHuman
Subjects because no attempt was made to treat mice that had a solid tumor mass. The
experiments submitted by the investigator only dealt with cell suspensions. Entirely

different effects might have been seen if mice with established ovarian tumors were
treated. The proposed experiments should be done before this protocol is approved by

the RAC.

[
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Dr. Gellert said he would like a clarification of the rationale of this therapy. There are

two killing mechanisms discussed that are now merged together. They need to be

discussed separately. If TK- cells are mixed with TK+ cells, in vitro
,
and treated with

ganciclovir, both populations of cells are killed. However, this may be irrelevant because

when the animal experiments were performed in immune-deficient mice, such as nude

mice or irradiated mice, no killing of the TK- cells was observed. Therefore, in the

mouse, it appears that the killing mechanism is related to an immune system response.

The in vitro experiments may have no relevance.

Dr. Gellert noted that the patients to be treated with the proposed therapy will have

Stage I, II, or III cancer that have previously undergone treatment by surgery and/or

chemotherapy, yet still have remaining tumor burden. He asked what the prospects of

recovery for such patients might be if they were to receive chemotherapy of a different

type. It is not made clear to the patient if they have other treatment options available.

Dr. Gellert noted that the HGTS requested information on the structure of the

transduction vectors. Information on only one of the vectors was submitted. At that

HGTS meeting, there was a question raised about possible mycoplasma contamination of

the PA-1 cell line that will be transduced. The investigator has not supplied the

requested information; they say that the sterility tests are pending. If the vector

information and the mycoplasma testing of the cell line are not available, consideration

of the protocol should be postponed.

Dr. Kelley noted that with regard to the expected likelihood of survival of the patients,

the only patients to be treated should be those who have a relatively short life

expectancy. He asked for a description of the imaging technique to be used in the

measurement of pre-treatment tumor burden and called for an extensive discussion of

the issues raised by the HGTS to ensure that they are resolved.

Dr. Geiduschek expressed concern about various aspects of the protocol. He questioned

the relevancy of the mouse model to the therapeutic scheme. He noted the cell dosages

in the model experiments are very different from those proposed for the Phase I human
study. The choice of the PA-1 human ovarian cancer cell line for transfer of the HSV-
TK gene has been criticized on two counts: (1) the safety of the cell line is not yet

assured; and (2) to the extent that the immune response to the patients' ovarian tumors

are important to the functioning of the "vaccine." The use of heterologous cells is

questionable. By opting for the technical advantage of using the established cell line, the

project appears to risk uninformative outcomes in the Phase I study. The postulated

therapeutic mechanism is still unclear.

Dr. Geiduschek said the use of the term "cancer vaccine" in the informed consent

document is problematic. Because the layperson assumes that vaccines work, the

Recombinant DNA Research, Volume 15 [
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proposed treatment should not be described as a vaccine. With respect to the statement

on benefits and risks, the investigators must be capable of making a prediction. The use

of the phrase, "It is not possible to predict whether any personal benefit...," should be

modified. These patients should be informed that they are participating in a procedure

that may fail as a therapy; however, valuable scientific information relating to your

disease may be obtained. The paragraph on risks and discomforts does not list the extra

time that participating patients will have to spend in the hospital as one of the

discomforts. With regard to compensation, the patients should be assured that under no

circumstances will they accrue additional costs as a consequence of their participation in

this study.

Dr. Geiduschek said unless these concerns are substantially answered by discussion at the

meeting, he will recommend not to approve this protocol.

Mr. Brewer made reference to the section of the Points to Consider where references to

the actual protocol were made rather than summarizing the pertinent information. Mr.

Brewer said the Points to Consider is a public document intended for lay people, and it

should summarize the requested information and not refer to the larger and more
complex protocol document.

Mr. Brewer said that the patient selection criteria should be more focused concerning

the possibility of benefits to the patients. In the laparotomy section of the informed

consent document, the risks from anesthesia ought to be addressed separately from the

possible risks of other procedures. In the voluntary participation portion of the consent

form, it is clear that patients can withdraw at any time; however, clinical data still needs

to be collected. It should be made clear that the data will be collected as a result of

routine follow-up care in order to assure against any complications arising from

participation, and that the patient should give specific consent for the collection of any

other data. Lastly, it was not made clear by the investigator if the stop criteria are

mostly qualitative or if there are some quantitative determinants used.

Dr. Mclvor criticized the submitted vector information in the protocol and suggested that

the RAC establish a standard for the presentation of vector information. The
expectation should be that the investigators supply a print-out of the actual sequence,

indicate who generated it, supply a standard retroviral map of the vector, and supply a

description of how the vector was constructed. The RAC should also establish a

standard regarding the safety testing of cell lines. The investigator should perform

extensive helper assays as well as other assays to screen for infectious agents when this

protocol uses a new cell line.

Dr. Post said that the mechanistic work and efficacy work should have been done with

irradiated cells rather than live cells. He expressed concern that only one experiment
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was performed where transduced irradiated PA-1 cells were put into an animal. The
only valuable information obtained from this experiment was the survival time of the

mice.

Dr. Walters said the HGTS had provisionally approved the protocol with the stipulation

that: (1) experiments be performed to ensure that the retrovirus is not producing any

helper virus; and (2) the cell lines should be assayed for sterility. Dr. Wivel said there

was a detailed discussion at that meeting about the particular cell line chosen. There

was concern that PA-1 is a high-passage line that may carry mycoplasma.

Dr. Freeman responded that he plans to use Stage I, II, and III ovarian cancer patients

who have been previously treated and have evidence of residual disease. These patients

will be treated with irradiated gene-modified tumor cells that contain the TK gene.

Patients will then receive three repeated doses of ganciclovir. The goal here is to

evaluate safety and side effects, to determine a maximum cell dose, to evaluate the

immunologic response, and to observe any clinical effects.

Dr. Freeman described the suggestions made at the HGTS meeting that he had since

incorporated into the protocol. Dr. Leventhal had suggested that a laparoscopy should

be performed before and after therapy in order to determine the extent of tumor burden.

Dr. Parkman suggested that they thoroughly and carefully follow the immune status of

these patients by their response to skin testing. The consent form has been revised.

Dr. Freeman said that the patients involved will have been initially diagnosed as Stage I,

II, or III. Stage I patients may have as much as a 60% chance of long-term survival. If

they relapse after having completed surgery and chemotherapy, there is no known
treatment to prolong their survival. It is a prerequisite of the study that these patients

have received conventional chemotherapy treatment with Cisplatin or Carboplatin since

these are proven effective in the treatment of ovarian cancer. Therefore, patients must

have been treated with the most effective drug prior to acceptance into this protocol.

He noted that Stage IV patients will not be used. Stage I, II, and in patients have

disease confined to their peritoneal cavity, whereas Stage IV represents patients with

metastatic disease. The population of patients chosen will not have large tumor masses,

so they are not end-stage patients. Often the patient has disease detectable only by

elevated levels of a serum marker.

Dr. Freeman described the mechanism of action of ganciclovir and the HSV-TK gene.

Ganciclovir must be phosphorylated to be effective. Once phosphorylated, it cannot

cross cell membranes, therefore, this compound cannot be injected directly into the

patient. The vector to be used, STK, has an LTR promoted neomycin gene and a SV40
promoted thymidine kinase gene. It is hypothesized that putting this vector into tumor

cells will make them susceptible to killing by ganciclovir.

Recombinant DNA Research, Volume 15 [13]



Recombinant DNA Advisory Committee - 10/7-8/91

Dr. Freeman described his experimental animal model, the K-BALB murine

fibrosarcoma cell fine. Cells that do not contain the TK gene are not affected by

ganciclovir treatment. However, the two cell lines that do have the TK gene were killed

by ganciclovir treatment. Experiments performed with human cells yielded the same

results. In both cases, the transduced cells were killed by ganciclovir at levels that are

achievable in patients. In one animal model experiment, the TK+ tumor cells were

injected subcutaneously and the mice treated with ganciclovir, which resulted in tumor

regression. The possible effect of in vivo killing of these cells by ganciclovir on

immunization was discussed. The investigator found that cell killing in vivo by

ganciclovir provided the ability to reject subsequent tumor challenge. Since it is not

possible to get the TK gene into all of the patient's cells, the TK+ tumor cells must have

some effect on the resident, un-modified tumor cells. Dr. Freeman showed data from in

vitro mixing experiments where there was a mixture of modified and unmodified cells, in

which the entire population of cells were killed by ganciclovir. He hypothesized that the

TK+ cells may die, break up, and form vesicles. These vesicles may contain a toxic

metabolite of ganciclovir that may be transferred to nearby TK- cells. However, the data

is not conclusive and subsequent experiments will be directed at identifying the

mechanism by which TK- cells die.

Dr. Kelley said that it was important to determine the mechanism before proceeding to

patients. If the killing of resident tumor cells requires cell to cell contact or contact with

vesicles, then there have to be enough TK+ cells administered to the patient for

effective therapy.

Dr. Freeman said that fluorescent activated cell sorting (FACS) analysis showed that

fragments of the plasma membrane from TK+ cells were present in or on the TK- cells.

He cautioned that more experiments are necessary to prove this mechanism. He
proposed doing electron microscopic studies on the cells to determine where the

membrane vesicles are localized.

Dr. Freeman restated that the TK+ cells can kill TK- cells in vitro. To assess this effect

in vivo
,
TK+ and TK- cells were mixed and injected into animals subcutaneously and

then treated with ganciclovir intraperitoneally. If at least 50% of the cells were TK+,
the tumor did not grow.

Dr. Haselkom asked if Dr. Freeman had ever treated the cells with ganciclovir before

injecting them into animals. Dr. Freeman said he has not yet performed these

experiments.

Dr. Freeman presented data from another animal model experiment which he said has

some relevance to the patients he will treat. Because these patients have tumor confined

to their peritoneal cavity, he would like to inject the TK+ cells directly so they will be in
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contact with all the TK- cells. Using this model, he accomplished that experiment. TK-
cells were administered to the mice at day zero followed by the administration of TK+
cells and ganciclovir at a later time. Prolonged survival was observed.

Dr. Kelley said that as the animal experiments become more and more relevant to the

human proposal, the ratio experiments become increasingly critical and should be

presented to the RAC.

Dr. Leventhal said it would be helpful to have median survival depicted on all of the

graphs to give an indication of how close to death these animals were when treatment

commenced. She said that there was not enough information on the slides which made
them extremely difficult to follow.

Dr. Freeman restated that he had three animal models: (1) The subcutaneous injection

of the cells followed by treatment with ganciclovir. (2) The mixture of the TK+ and TK-
cells prior to subcutaneous injection of the mixture on day zero and subsequent

challenge intraperitoneally on day five with TK+ cells. In this experiment, the animal

survival was prolonged. (3) The subcutaneous injection of TK- cells on day zero, and

subcutaneous injection of TK+ cells on day one or day five. Dr. Kelley asked if there

are visible tumor masses by day five, when the TK+ cells are administered. Dr.

Freeman replied there were no visible tumor masses. Mr. Capron asked if he had

control mice to look at the tumors at day five in the absence of the second TK+ cell

injection. Dr. Kelley said the tumors were not visible at day five. Mr. Capron asked if

autopsies are performed on the mice. Dr. Freeman replied he had not autopsied the

mice at five days.

Dr. Freeman said that with the two mechanisms combined, the system will be more
effective and lead to the elimination of a major portion of the intraperitoneal tumor.

Perhaps the effect of the TK+ cells on the TK- cells along with the subsequent immune
response may actually eliminate metastatic disease. He said he has established three

separate in vivo animal models, as well as in vitro performed experiments, that indicate

10-50% of TK+ cells may lead to the elimination of nearby unmodified tumor cells and

prolong survival of the animals.

Dr. Kelley said as the experiments have become increasingly relevant to the proposed

human experiment, the precise ratio of TK+ to TK- cells has to be determined.

Dr. Freeman introduced his colleague, Dr. Craig McCune, to comment on animal

models.

Dr. McCune said he is a medical oncologist who began to work with Dr. Freeman in the

creation of the proposed clinical study. He acknowledged that the question of when to
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indicate a clinical trial is a difficult one. The committee must determine the scientific

merit of what is being proposed, and evaluate the safety for the patient and the public at

large. This is a potentially new approach for treatment of human cancer, and it should

move forward rapidly. This approach should encompass both dimensions, the pursuit of

animal studies and the treatment of patients.

Dr. Haselkorn asked about the intent of the investigators' use of the term "vaccine" in

the description of the proposed therapy. Dr. McCune said the definition of vaccine in

the dictionary is very broad. Vaccine refers to any approach by which the progress of a

disease is impeded. Dr. Geiduschek said the phrase "by inoculation" is part of the

definition. It is indeed broad, and it represents a process that was developed long before

an understanding of immunology.

Dr. McCune said there are two mechanisms by which the therapy may work. One
involves the local effects of the TK+ cells. The second is the contribution of the

immune response as illustrated in the experiments using immunodeficient animals in

which the unmodified, neighboring cells were not killed. In a broad sense, the therapy

consists of the injection of an agent to produce a resistance to the disease in the patient.

Dr. Haselkorn said that in the public's mind, there is a distinction between prospective

and retrospective aspects of vaccination, which are confused in the protocol's

nomenclature.

Dr. Freeman said that in an effort to determine if this treatment will be safe for patients,

an experiment was performed in which irradiated TK+ cells and non-irradiated TK+
cells were assayed for their effects on neighboring TK- cells. If the TK+ cells were

irradiated and exposed to ganciclovir, they were killed. In in vitro mixing experiments,

murine fibrosarcoma cells were mixed with human irradiated TK- cells or human
irradiated TK+ cells. Adding between 10-50% irradiated cells could affect the

neighboring TK- cells. Clearly, irradiating the tumor cells prior to administration would

improve safety. In animal model experiments, the murine TK- cells were injected

intraperitoneally on day zero. On day one either irradiated murine TK- cells or

irradiated murine TK+ cells were injected intraperitoneally into the mice in a 50:1 ratio.

Survival was prolonged as in previous experiments. The intraperitoneal injection of

human TK+ cells into a mouse that had received a prior intraperitoneal injection of

tumor cells at a 50:1 ratio, also provided prolonged survival. He reminded the

committee that animals may die because of the subcutaneous tumor growing at the site

of the needle track as a result of the injection of tumor cells at day zero. These tumor

cells have not been exposed to the intraperitoneally injected TK+ cells.

Dr. Leventhal asked about the status of the peritoneal cavity at the time of post-mortem.

Dr. Freeman said he did not know because he had not performed autopsies on the dead

animals. Dr. Leventhal asked if the experiments are limited to female mice. Dr.
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Freeman replied that only female mice were used.

Mr. Capron expressed his agreement with Dr. Leventhal. If the theory is that the

intraperitoneal tumor cells are killed because of the treatment but the subcutaneous

tumor cells grow because they are not reached by the treatment, it should be an easy

matter to perform the autopsies to verify the hypothesis.

Dr. Wivel asked if it was known for a fact that the mouse does not have intraperitoneal

tumor. Dr. Freeman replied that he did not know.

Dr. Leventhal asked if statistical analysis had shown a dose-response effect. Dr.

Freeman replied that there was evidence of a dose-response effect.

Dr. Leventhal asked how many patients will have a chance of being cured by other

therapies, how many animals with gross tumor have been studied, and what is the safety

of the cell line. Dr. Freeman replied that few, if any patients, would recover with other

therapies. Dr. Leventhal noted they had studied very few animals at day five.

Dr. Freeman, in answer to the safety question, stated that he can easily test for

replication competent virus in the cell line PA-1. In terms of insertional mutagenesis,

these cells are already tumor cells, so this is not an issue. The modified tumor cells

administered to the patients will be irradiated first. Also, the irradiated cells contain the

TK gene which is sensitive to ganciclovir. Overall, this is a fairly safe procedure in terms

of retrovirology. During the HGTS meeting, he described how the PA-1 cells will be

characterized for sterility. He will ensure these test results are negative before the cells

are administered. The cells will be tested for mycoplasma.

Dr. Post asked if they would do any animal safety tests on the final stock of cells, that

will be administered to the patients after irradiation. Dr. Freeman replied that they had

performed these tests, and the animals are doing fine. Dr. McCune added that the Food
and Drug Administration (FDA) requires these general safety tests. Both guinea pig and

mouse standard tests will be done on the final product.

Dr. Kelley asked for information regarding imaging, pre-treatment, and assessment of

tumor burden. Dr. Freeman said they had decided to require laparoscopy before and

after treatment. Tumor mass will be visualized. Hopefully, it will be possible to identify

and mark where the mass is located to assess the effects of the therapy. This is a Phase

I study where one looks for a dose effect.

Dr. Mclvor said the committee should consider the generation of agents that are

associated with the recombinant DNA process in the cell line. Helper assays must be

performed to determine if there are other viruses generated, either from the packaging
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cell line or from the PA-1 cell line. If it is assumed that dying or dead cells are finding

their way to the target tumor and are introducing a toxic metabolite of ganciclovir to

these cells, there is the possibility that provirus from these cells will be introduced, i.e.,

secondary gene transfer process could occur in vivo.

Dr. Freeman said he had not checked to see if provirus is transferred. Dr. Mclvor said

that if a gene is being transferred into other tissues, the committee needs to be aware of

that eventuality. This may create a safety problem if the gene is transferred into germ

cells.

Dr. McGarrity provided a clarification on the safety testing requirements. This is the

first time that a continuous cell line has been used in a protocol submitted to the RAC.
Previous protocols have involved ex vivo manipulations. The cells are removed from the

patient, manipulated, and readministered to the patient. The committee has required

helper cell lines to undergo a series of safety tests and evaluations. The same safety

requirements apply to the continuous cell line that is to be used in this protocol. He
stated that cell culture mycoplasma may induce interferon, activate macrophages, and

induce IL-1, IL-2, or IL-6. This is the basis for safety concerns.

Dr. Freeman said he plans to perform the necessary tests. He asked if the tests have to

be done in advance or if he can provide a list of these tests. Dr. McGarrity asked if Dr.

Freeman could rule out a mycoplasma effect on all the data presented. Dr. McCune
replied that the PA-1 cells were checked for mycoplasma.

Dr. Leventhal asked what tests the investigators propose to perform on the patients at

the time of the second laparoscopy. Will the tests determine if any of the added
material was transferred to the patient's tumor cells? If the treatment is failing, is it

failing because the human ovarian tumor cells did not respond as expected in vivo, or

because the ratio of the added cells to the resident tumor cells was ineffective? If there

is a risk that the treatment will fail and the patients will die, there should be a provision

that patients with gonads should be analyzed at post-mortem for the presence of the neo
marker. Any other specific target tissues remaining should be assayed.

Dr. Freeman said he is hoping the laparoscopy will be useful in determining the tumor

burden. Performing a tumor biopsy to check the cells for vector DNA, as well as

checking the germ line for transfer, is a good idea. It might not be ethical to require

that in advance. He does plan to obtain tumor samples for analysis. Dr. Leventhal said

it is reasonable to ask for a collection of peritoneal fluid at the time of the laparoscopy.

She asked about the type of cell analysis. Dr. Freeman said he would look for the vector

DNA; and if it works in an in vitro model, he will look for the enzyme or the ganciclovir

phosphorylated compounds in the cells.
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Dr. Kelley moved that the protocol be deferred. The committee has given the

investigators very good advice, and they are to be complimented on developing an

experimental model. On the other hand, there are a number of things that need to be

done prior to proceeding to human experiments. Dr. Gellert seconded the motion.

Dr. McGarrity called for further discussion. Mr. Capron asked for a summary of the

points on which deferral rests. Dr. Kelley said while the animal model is a good one,

there are many things that still need to be done. Particularly, an examination at autopsy

to determine exactly what tumor cells have been killed needs to be done. Also, safety

tests represent another major area where there are still some questions. Measures of

efficacy represent another area that bears discussion; such as, how to assess the patient's

tumor burden before, during, and after therapy. Laparoscopy is a very subjective

measure. Dr. Freeman said CAT scanning may also be performed.

Dr. Leventhal disagreed with the assessment by laparoscopy. She said that the most

sensitive assay for residual tumor is the surgeon actually looking; it is better than a CAT
scan. A patient who looked negative on CAT scan could be positive by laparoscopy, and

certainly by laparotomy. However, one cannot require a patient to have two

laparotomies in order to participate in an experimental protocol.

Dr. Leventhal said the committee would like to have some further evidence that tumor

growing intraperitoneally can be cured with the proposed treatment. She suggested that

Dr. Freeman treat the mice and sacrifice some untreated animals at the same time. This

will show that the animal model is relevant. The investigator could start treatment at a

measurable fraction of the residual survival of the individual mouse. If it has 15 days left

to live, the mouse could be treated at five, six, or seven days. The investigator needs to

observe untreated mice at five days to illustrate the outcome of the untreated mice. Dr.

Leventhal asked what in vivo studies would be performed in that animal model, on the

residual tumor cells, that might supply a way to evaluate the treatment. She expressed

her concern that since the mechanism of the therapy is not understood, there may be a

quantitative barrier in the human model because there is no end product to determine if

the gene was transferred.

Dr. Haselkorn said that the system is a black box in the mouse. This black box will be

transferred to humans, treating the humans as mice. Further investigation should be
done on the immunological component of the mechanism. The hypothesis is that in the

TK+ cell that is treated with ganciclovir, there is an accumulation of ganciclovir

diphosphate, or ganciclovir triphosphate, in some kind of membrane enclosure which can

be transferred to a susceptible cell. There have been no experiments that test that

hypothesis directly. This experiment should be done before treating humans because it

may not be necessary to administer whole cells; one may be able to merely inject the

vesicles.
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Dr. Leventhal said she would prefer to see the experiments done with whole cells before

there is an elaborate effort made to fractionate the active principle.

Dr. Mclvor proposed that the investigators examine the lymphocytes of the mice that

have been treated to compare the levels of their cytotoxicity against the specific tumor

target. This will help address the question of whether stimulation of an immune
response is part of the mechanism. With respect to the prolonged survival curves, he

questioned what ratio must be attained to save these animals and is it safe.

Dr. Geiduschek suggested that it might be possible to convey specific concerns about the

protocol without having to discuss them around the table. He said he would be willing

to convey them to Dr. Freeman and his coworkers directly.

Mr. Capron thought that the investigators were owed an explanation of what points are

leading the committee to vote for a deferral. He said that the consent form needs to

state that this is a study and not a vaccine treatment. The term vaccine is confusing to

the ordinary person. It is a Phase I study of a biologic. In any case, the primary benefit

to science is to determine its safety and to obtain a dose-response.

Dr. McGarrity put the motion to a vote. The motion was to defer this proposal until Dr.

Freeman and his colleagues supply the requested information. The motion passed

unanimously by a vote of 19 in favor, 0 opposed, and no abstentions.

IV. PROPOSED AMENDMENTS TO APPENDIX D OF THE NIH GUIDELINES
REGARDING HUMAN GENE THERAPY PROTOCOLS ENTITLED:
IMMUNIZATION OF CANCER PATIENTS USING AUTOLOGOUS CANCER
CELLS MODIFIED BYINSERTION OF THE GENE FOR TUMOR
NECROSIS FACTOR AND IMMUNIZATION OF CANCER PATIENTS
USING AUTOLOGOUS CANCER CELLS MODIFIED BYINSERTION
OF THE GENE FOR INTERLEUKIN-2

Dr. McGarrity announced he would disqualify himself from the review of these protocols.

Recently, he has accepted employment from Genetic Therapy, Inc. (GTI). He noted

that he had taken the position since the last HGTS meeting. While GTI is not

mentioned in these protocols, Dr. Rosenberg has used vectors from them in the past.

He turned the proceedings over to Dr. B. Murray.

Dr. B. Murray said there are two items that are relevant to this protocol: (1) In the

original proposal, the NIH Institutional Biosafety Committee (IBC) requested additional

studies using autologous cells lacking either the tumor necrosis factor (TNF) or the

interleukin-2 (IL-2) genes. The NIH IBC has rescinded that request and has given

formal approval to this protocol. (2) FDA approval has been granted for this protocol.
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Dr. Leventhal said she would discuss the TNF protocol. In this experiment. Dr.

Rosenberg plans to remove tumor from the patients that present with a diagnosis of

melanoma, renal cell carcinoma, or colon cancer. He will attempt to grow these tumor

cells in culture and, if successful, transduce these lines with the TNF gene. If the

patients should relapse or their cancer progresses, these transduced cells will be injected

subcutaneously into the thigh, and draining lymph nodes will be harvested 21 days later.

Lymphocytes from these draining lymph nodes will be expanded and then reinfused into

the patients along with IL-2. She pointed out that cell lines are cultivated for every

patient who undergoes surgery at the NIH for primary therapy. These tumor cells will

be cryopreserved and will be administered to the patient should he/she have recurrent

tumor. Dr. Leventhal expressed concern that there would not be time, in a patient's

rapidly progressing disease, to perform all of the tasks in the protocol.

Dr. Leventhal said the rationale for these experiments is that the TNF transduced cells

are more immunogenic than untransduced cells. In the model experiments, the modified

cells do not appear to grow as well as the unmodified cells, but an immunologic basis for

this growth disparity is not completely proven. In Dr. Rosenberg's previous study with

neo-modified TIL, he showed that the TIL home to tumor in three of five patients.

However, it is not clear how many of the cells that are removed from the lymph node,

after subcutaneous injection of modified tumor cells, can be called TIL or TIL
precursors. Dr. Leventhal questioned whether the tumor cells will grow in the patient

after they are modified. If they do grow, they may endanger the patient because they are

seeded with cells that make TNF constantly. This may render the patient symptomatic

as TNF causes chills and fever. If the cells grow and remain in the patient forever, there

would be the question of chronic toxicity. If the cells do not grow, will they be capable

of stimulating the lymphocytes in the draining lymph nodes?

Dr. Leventhal recounted that due to these concerns the HGTS elected to approve the

initial treatment of five patients with the stipulation that the local reaction be observed

closely, and that measurements, descriptions, or photographs of the injection sites be

submitted. The draining lymph nodes and other tumor sites should be studied by

polymerase chain reaction (PCR) for signs of spreading transduced tumor cells and to

study the trafficking pattern. The cells harvested from the lymph nodes should be

studied to determine the cell types present. A toxicity reporting scale should be

developed that provides more detail about the use of IL-2 and reinfused cells. She noted

that Dr. Rosenberg had agreed to limit his initial treatment with this protocol to five

patients and to perform PCR analysis of the draining lymph nodes near the cell injection

site.

Dr. Haselkom asked the investigators to discuss why the TNF-modified cells regress in

the nude mouse. He asked if any experiments had been performed with animals that

have established tumors rather than animals that have had tumor cells injected. With
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respect to the issue of safety, he asked why the investigators had not inserted the TK
gene into the tumor cells that could then be killed by ganciclovir if necessary.

Dr. Carmen recounted the research activities that Dr. Rosenberg has presented to the

RAC over the past several years. Dr. Carmen described the two protocols currently

under the committee's consideration. With respect to these proposals, he noted that

there is evidence that subcutaneous injections will be more effective than parenteral

injections, There is evidence that the co-injection of modified and unmodified tumor

cells can lead to the inhibition of growth for both types of cells. There is also evidence

that IL-2 has much in common with TNF, both are known cytokines and can precipitate

serious side effects that are treatable. While the reintroduction of modified tumor cells

could cause tumor growth, appropriate counter measures are available if the patients

have failed all other possible avenues of treatment.

Dr. Carmen asked what criteria Dr. Rosenberg will use to determine which patients will

receive the gene for TNF and which patients will receive the gene for IL-2. He noted

the NIH IBC had recommended a pilot study which would test the subcutaneous

insertion of autologous tumor, putting aside the recombinant DNA phase of the protocol.

The HGTS considered such studies unnecessary by vetoing the insertion of unmodified

tumor cell lines and substituting its own safety measures. Using only cells that were

transduced with cytokine genes in these experiments seems to be a drastic revision.

Mr. Barton asked if it is possible to administer TNF together with the tumor cells, rather

than using the TNF-modified tumor cells to control the dosage of the TNF more
precisely. He questioned whether the TNF and the IU2 protocols are actually as

parallel as one might expect, given the significantly greater toxicity of the TNF. The
number of patients seems high considering the uncertainties. In the consent form, it

should be made clear how the patients are to be involved in the cost sharing. With

regard to risks, it should be noted that once the genetically engineered tumor cells have

been administered to the patients, the dosages of IL-2 or TNF may not be controllable.

The hypothesis should be clearly explained in the consent form as well as how the

treatment might be a positive step forward.

Dr. Mclvor responded to Dr. Carmen's concerns that injection of transduced cells alone,

versus transduced cells combined with untransduced cells. In animal models, only

transduced cells elicited an increased immune response. Therefore, we must assume that

they are expressing IL-2 or TNF at increased levels which stimulates this immune
response and an anti-tumor response against these cells. The injection of untransduced

cells along with transduced cells would be much riskier and may not stimulate the same
response. This is the logic behind eliminating the co-injection of untransduced cells.

Mr. Capron asked the investigators to explain an aspect of the consent document
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whereby the tense used in different portions of the form make it difficult to know where

the patients are in the process of entering into the experiment.

Dr. Wivel reiterated that the HGTS had asked Dr. Rosenberg to give a report after five

patients, and to use the PCR assay for gene-modified cells in specimens taken from the

regional lymph nodes or from other biopsies of subcutaneous tumor masses.

Dr. Rosenberg responded that there have been no safety problems in his previously

approved protocols. The protocol currently under review is an attempt to immunize

patients against their own autologous tumors by using gene-modified tumor cells. It is

based on previous animal experiments with adoptive transfer of lymphocytes as well as

published experiments where gene-modified cells expressing cytokines have been shown
to become more immunogenic. He showed experimental data where attempts were

made to raise cytolytic cells against weakly immunogenic tumor cells. These experiments

were minimally successful. If one transduces the gene for IL-2 into the tumor cells,

however, highly tumor-specific cytolytic cells can be generated. It is the CD8 + cells that

have shown effectiveness and are probably the cytolytic cells based on adoptive transfer

in model systems. The major point is that one can stimulate cytolytic cells against a

weakly immunogenic tumor by immunizing with gene-modified cells.

Dr. Rosenberg stated that he plans to use the same retroviral vector that had been
approved for use in the previous TNF TIL experiments. The vector contains the gene

for TNF and the neomycin resistance gene. It has been shown that the TNF gene has

been inserted into the tumor lines and that the tumor lines then produce message and

secrete protein. When animals are injected with the gene-modified tumor cells, the

tumor grows for eight to nine days and then spontaneously regresses. It is the TNF
production by the tumor that leads to this regression. The assessment of the

immunologic nature of this phenomenon is that it is mediated by T cells, presumably the

cells that are specifically cytolytic. Animal experiments have indicated that when
adoptively transferred, these T cells can mediate anti-tumor effects.

Dr. Rosenberg said the protocol attempts to take advantage of that observation in two

ways: (1) by immunizing patients with the gene-modified cells as a form of active

immunization; and (2) by subsequently harvesting draining lymph node cells to be used

for adoptive immunotherapy. He showed data from animal experiments illustrating that

the genetic modification of the tumor cells causes them to spontaneously regress while

immunizing the mouse against tumor rechallenge and stimulating the generation of

tumor-specific killer cells. The treatment scheme is to resect the tumor as part of

standard treatment. All of the patients who will be treated have advanced cancer that

have failed all standard treatments. When tumor is resected from the patient, as part of

the standard treatment or as part of a TIL protocol, these tumor cells will be established

in culture for studies of the immunologic reaction of that patient against his/her own
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tumor. Once the tissue culture line has been established, the cytokine gene is

introduced, the activity is established, safety measures are performed, and then the

therapy part of the protocol will be performed. The gene-modified cells are injected

subcutaneously. The draining lymph nodes are removed three weeks later. Then lymph

node cells are grown in IL-2 and used for therapy. Only terminally ill patients for whom
there is a previously established cell line with the gene in it will be eligible for the

protocol. Only at this time will the informed consent form be presented to the patient.

The patient will be asked to enter this protocol only when they have no other treatment

options available.

Dr. Rosenberg addressed the question raised about the nude mouse experiments. If this

phenomenon is immunologically mediated, why do these tumors not grow in immune
deficient mice? While immune deficient nude mice still have immune responses and

have T cell precursors, they can develop normal immune functions. Most human tumors

transplanted into a nude mouse will not grow because crossing the species barrier is an

enormous immunologic insult. Even a nude mouse can reject most human tumor

implants. It is only highly virulent tissue culture lines that can grow regularly in nude

mice. The vectors to be used, which were approved, have genes encoding for neomycin

resistance and TNF. Dr. Rosenberg said he could make constructs containing the TK
gene, that might give an added level of safety, but he stressed that it would be a lot more
difficult to get a three gene construct to work, because of the promoter inhibition that is

observed. He said his laboratory attempts to put both the TNF and the IL-2 genes into

the patient's tumor cells. It is not always successful. The best producer is the one that is

used. If it happened in one patient that the TNF gene was transduced into a line and

the IL-2 gene transduced into another, the question would arise as to which one to

administer. The decision would depend on how many patients had gotten TNF and how
many had gotten IL-2, since they are limited to five patients for each group. With
respect to the issue of giving unmodified tumor cells, the NIH IBC had made that a

strong request. He agreed with the subcommittee that it is not a good idea and the IBC
has since removed that stipulation. Only the gene-modified tumor cells will be
administered. The TNF cannot be administered separately from the tumor cells because

the half-life of the TNF is about four minutes. However, when the tumor cell

manufactures TNF, there is a continuous bathing of the tumor cells with TNF. There is

a concentration of all of TNFs immune regulatory properties at the site of the tumor; it

is a very different situation.

Dr. Rosenberg addressed the question raised about the cost. At the NIH there is no
charge for patient care. The costs would come out of the laboratory budget. The
patients would not be asked to pay anything. He thought that the consent form explains

the nature of the protocol and the potential risks in simple language, but can be changed

if necessary.
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Dr. Post asked if there exists animal data to show that it is better to use TNF than IL-2.

Dr. Rosenberg said he is in the process of trying to compare them in the animal models,

but there is no question that in both systems one can raise highly cytolytic cells with

specificity for tumor antigens.

Dr. Mclvor asked if the preclinical data in animals has been done with clones of tumor

cells that have been transduced and then selected to secrete an optimized level of

cytokines. The proposal calls for establishing a heterogeneous transduced cell population

where there will be a wide variety of levels of expression from one cell to the next within

the population. Dr. Rosenberg replied that they have criteria for selection of the bulk

population. If possible, a heterogeneous population will be used to get as many of the

antigens that would be present on the original tumor as possible. The human cells have

not been selected, but the bulk populations do make a large amount of TNF. There has

to be a minimum, and there is no need to administer cells that are not making enough

TNF. Hopefully, correlations can be drawn as to how much is needed to see an anti-

tumor effect. If there are some non-TNF producing cells in the mixture, they should be

eliminated by the immune system.

Dr. Leventhal moved that the treatment of five patients on the protocol with TNF-
modified tumor cells be approved with further approval contingent on Dr. Rosenberg

reporting back to the RAC on the side effects in these first five patients. Dr. Mclvor

seconded the motion.

Dr. B. Murray called for further discussion. There being none, the motion was put to a

vote. The motion passed by a vote of 17 in favor, 0 opposed, and 1 abstention.

Dr. Leventhal asked. Dr. Rosenberg to summarize the difference between the IL-2 study

and the TNF study.

Dr. Rosenberg said the protocols are virtually identical with the exception of the few

paragraphs that substitute the word TNF for IL-2. Since the tumors do not grow in

either case, it is not expected to be any significant toxicity due to the production of the

cytokine by the tumor. There are no potential problems with IL-2 that would be

different than those of TNF, but it is impossible to predict relative efficacy.

Dr. Kelley asked if the investigators were pursuing both experiments simultaneously to

enhance the likelihood of a positive outcome. Dr. Rosenberg replied that was his

intention. Dr. Leventhal asked if there are positive outcomes in both treatments. What
are the future plans for doing this double-armed experiment? Dr. Rosenberg said he

would vigorously pursue them both or exploit animal models to help develop

improvements. Dr. Leventhal said that if there are positive results from the first five

patients, a specific outline should be submitted of their future plans. This should include
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a statistical plan of what the next step will be in the further study of these materials in

patients.

Dr. Leventhal moved to approve Dr. Rosenberg's proposal to treat five patients with IL-

2 modified tumor cells with the stipulation that he report back to the committee on local

and systemic toxicity and efficacy of the treatment. Dr. Kelley seconded the motion.

Dr. B. Murray put the motion to a vote. The motion passed by a vote of 17 in favor, 0

opposed, and 1 abstention.

Dr. B. Murray returned the Chair to Dr. McGarrity.

Dr. McGarrity announced that if the discussion of the next agenda item finishes early,

there has been a request that the committee begin the discussion of the agenda item for

tomorrow regarding the future role of the HGTS.

V. PROPOSED AMENDMENT TO APPENDICES B-I-B-l AND B-I-B-2 OF THE NIH
GUIDELINES REGARDING THE BACTERIAL ORDER ACTINOMYCETALES

Dr. Schaechter stated that the proposal deals with the molecular manipulation of

organisms which are quite important to industry, in the production of antibiotics, as well

as other uses. However, there is concern that in this group of organisms,

Actinomycetales
,
there are some known pathogens and a large number of suspected

pathogens. In May 1991, the Mid Atlantic Biological Safety Association, represented

today by Dr. Fleming, asked the committee to remove the gram-negative bacteria in the

group of Actinomycetales from the NIH Guidelines for two reasons: (1) This group of

organisms was originally classified as fungi. Actinomycetales is now classified as bacteria.

(2) The list was quite inclusive. In the current NIH Guidelines, Appendix B-I-B-2,

Fungal Agents, lists Actinomycetes, including Nocardia species, Actinomyces species and

Arachnia propionica. It is not clear which are included and which are excluded under the

term "Nocardia species" and "Actinomyces species." It could be interpreted as all

inclusive or partially so. The Mid Atlantic Biological Safety Association has proposed

that the list include only known pathogens in order to make the list inclusive as opposed

to exclusive. The problem was that the committee was given numerous classification lists

and did not know which ones were considered likely pathogens.

Dr. Schaechter explained that the Actinomycetales have been difficult to classify by

taxonomists; consequently, there have been a lot of name changes. These organisms are

known for causing a number of diseases. The current proposal by Dr. Fleming is based

on a consultation with experts at the Centers for Disease Control (CDC), and with Dr.

Beaman at the University of California at Davis who discussed a German assessment of

risk in this group. The results are a list of Actinomycetales considered to have "proven
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pathogenicity" by the experts at the CDC. However, this list does not make
recommendations. It includes agents of proven pathogenicity, of suspected pathogenicity,

and of opportunistic organisms in immune compromised hosts. It is not clear where to

draw the line. Possibly the RAC will have to create a working group which is charged

not only with providing information, but also making recommendations to the RAC.

Dr. McGarrity drew the committee's attention to a letter from Dr. Brinckerhoff. Dr.

Schaechter summarized the letter for the group. In the letter, Dr. Brinckerhoff

commented on the confusing nature of the submitted information as well as the lack of

recommendations from the experts. She felt that the proposal is diffuse and

unorganized. Those individuals, who are directly interested in reclassifying these

organisms, should do so based on the information available. They should present the

proposed reclassification to the committee for discussion and approval. Their proposal

should have a concise and up-to-date listing of the organisms, the category into which

they fall, and the appropriate references.

Dr. B. Murray said it would have been much easier and more straightforward to have

had a proposal that listed the specific organisms that are safe. Currently, it is too open

because many of these organisms have suspected pathogenicity.

Dr. McGarrity thanked Dr. Knudsen and Dr. McNeil for coming from the CDC to

comment on the issue.

Dr. Knudsen said he is the new Chief of Biosafety at the CDC in the Office of Health

and Safety. The table was meant to provide information, not to make any

recommendations. The difficulty arises as to how to define a pathogen, a suspected

pathogen, and an opportunistic pathogen, and an appropriate place in the NIH
Guidelines. The Actinomycetes are a good example of a group which contains these three

kinds of pathogens. The regulations on how to handle these are somewhat obtuse. He
introduced Dr. Mike McNeil, who is an expert on Actinomycetes.

Dr. McNeil said he is a Medical Epidemiologist in the Mycotic Diseases Branch at the

Division of Bacterial and Mycotic Diseases at the CDC. He stated that there are not a

great number of animal studies which are needed to determine the pathogenicity of the

organisms. The weakness in trying to classify these organisms is that there may be no
reports for some of these organisms. Also, the taxonomy is shifting. In the table, the

proven pathogens are the few organisms listed for which there are citations to animal

studies. The suspected pathogens are designated if there is evidence in the literature of

histologic invasion by the organism; or if in CDC review of clinical isolates, it has been
observed that these organisms have been isolated from normally sterile sites. The list of

opportunists includes those where there is a citation or where there is a patient

mentioned as having acquired immunodeficiency syndrome, or another immune
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compromising condition. The anaerobic Actinomyces have not addressed the aerobic

ones. The anaerobic organisms are considered to be normal flora although they certainly

can cause infections. The interest really is in the aerobic Actinomyces.

There was a discussion as to the extent the animal model criteria used by the various

contributors to classify the pathogens presented in the table.

Dr. Fleming noted that the other experts polled were not particularly concerned about

animal models. Dr. Beaman, one of the consultants contacted about this issue, is an

expert on Nocardia. He felt that animals should be used to test some of the Nocardia.

However, many of them were pathogenic in man, whether or not they had ever been

shown to be pathogenic in an animal model.

Dr. Wivel thought that some confusion may arise from the fact that there are clinical

reports of lesions in human patients in which any of a variety of organisms may be

isolated from that lesion. The problem is that those organisms may be passenger agents

which are not the cause of the lesion. Therefore, that would be placed in the "suspected"

category unless it could be documented in an animal model.

Dr. McNeil said that in the suspected group compiled by the CDC, they have identified

human cases where there is clinical evidence to suggest the agent caused the infection.

That group also contains reports about clinical isolates referred to CDC from various

sources. These organisms are ubiquitous. They are acquired by both normal and

immunocompromised hosts. The relative transmission is either by inoculation or, much
more commonly, by inhalation. If people in industry are to grow these organisms up in

large quantity, there may also be dose effects to consider.

Dr. McGarrity said that perhaps it would be desirable to appoint an advisory group to

bring this discussion to a conclusion.

Dr. Schaechter asked where in the latest Classification of Etiological Agents do the

Actinomycetes fall. Dr. McNeil said they are handled at a level between I and II, albeit

in an experienced laboratory. Dr. Schaechter asked if they have been used in large-scale

applications without any known ill effects. Dr. McNeil replied that it is his

understanding, given a lack of reporting, that they have been used in large-scale

applications without any known untoward effect.

Dr. Haselkom suggested the NIH Guidelines require that one cannot do an experiment

before demonstrating that the organism to be used is not pathogenic. Dr. Schaechter

said it would not be easy to show the pathogenicity. Dr. Post said it is an overkill for an

organism that has been used for decades.
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Dr. B. Murray said it would be easier if the five specific organisms that are now being

used, and have been used for a long period of time, were considered separately. There

is a whole variety of these organisms described in the clinical literature. For instance,

there are many reports on Actinomadura madurae of association with tumor.

Dr. Fleming said that in 1988, the organism Streptomyces lividens was brought before the

committee by SmithKline Beecham. They were asked to go back to the CDC for

reference as to whether it was pathogenic for humans. This last year, several of these

organisms were brought to her attention by some of the groups in her organization.

These organisms had been modified with recombinant DNA techniques to produce a

secondary metabolite for use as an antibiotic or anti-tumor agent. She said that it

seemed feasible to ask the committee to look at this whole group of organisms.

Ms. Buc said there is a hazard question and a taxonomy question. Perhaps the

committee should only address the hazard question. The organisms should be grouped

by hazard.

Dr. Kelley moved that this issue be sent to an organization, like the American Society of

Microbiology (ASM), to ask for advice. Dr. Post seconded the motion.

Dr. Atlas said that they should establish a working group to bring in consultants from the

appropriate organizations and come back with a recommendation to the RAC.

Mr. Barton added that the working group should be free to assess the species that are

most important commercially. Ms. Buc agreed and suggested that the group of

companies propose the ten safest Actinomycetes for exemption. Dr. Post asked if the

companies could come up with a list of organisms they want reclassified, and possibly a

list of organisms that are already being used safely under good industrial large-scale

practices.

Dr. Fleming said that some of those organisms are included in the back of the index of

the Industricd Biosafety Manual; there is a list of Streptomyces and Nocardia that have

been used for the production of antibiotics and anti-tumor agents. There are not many
pathogens on the list, which is the reason for the requested exclusion of those organisms

from Appendix B.

Mr. Capron said that the proposed working group should be given some instruction as to

whether they should try to avoid risks or try to encourage the development with some
tolerance of a level of risk and uncertainty. If this is largely a group of organisms that is

not very pathogenic, but has certain known pathogens, then the listing only the latter in

Appendix B would make sense. If this is a black box where little is known, that

introduces another set of problems.
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Dr. Schaechter suggested a substitute motion that would charge the working group with

examining the question and to come up with the pros and cons. This working group will

report back to the RAC at its next meeting. Dr. Post seconded the substitute motion.

Dr. Kelley said he was willing to accept the charge to the working group, and withdrew

his motion to refer to the ASM.

Dr. McGarrity restated the motion to refer the issue to an ad hoc working group within

the RAC.

Dr. Schaechter said that it is essential that the motion include not just fact finding. The
working group has to be charged with making recommendations as well as constructing a

proper scenario for the RAC to be able to make a decision. Mr. Capron said that the

working group would include people from CDC, people from academia, people from

industry, as well as several people from the RAC with this expertise.

Dr. Schaechter restated the motion as a recommendation to create an ad hoc working

group with outside consultants to determine the pros and cons of including known
pathogens and excluding non-dangerous members of the Actinomycetes. Dr. Kelley

seconded the motion.

Dr. McGarrity put the motion to a vote. The motion passed by a vote of 19 in favor, 0

opposed, and no abstentions.

VI. FUTURE ROLE OF THE HUMAN GENE THERAPY SUBCOMMITTEE

Dr. McGarrity said he would give a summary review of this afternoon's discussion of this

topic at the appropriate time in the agenda tomorrow, October 8.

Dr. Walters summarized the subcommittee's discussion during the July 29-30, 1991,

meeting. Two working groups of the subcommittee were established. One working

group, chaired by Dr. Parkman, was to look at how the question of the possible germ
line effect of somatic cell gene therapy should be approached by the subcommittee. The

second working group, chaired by Dr. Leventhal, was charged with assessing how the

subcommittee has done thus far and how its activities could be better coordinated with

the parent committee. This working group would talk with investigators who have been

through the review process to ask how the process could be more helpful and to obtain

frank comments on the Points to Consider. Also, it would consider recommendations for

streamlining the review process including combining the functions of the subcommittee

and the parent RAC.

Dr. Leventhal said that the major focus of her working group was to ask the investigators
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to supply the results of the protocols so that the subcommittee could decide whether

there were categories of protocols that no longer needed to be reviewed by the

committee because they were safe. The end result of knowing what has happened to the

patients might very well be the streamlining of the review process. However, the

emphasis is more on results of the approved protocols.

Dr. Post said that there were good examples of why the HGTS does not really function

as a subcommittee of the RAC. He noted that Dr. Freeman had repeatedly argued that,

"Well, the subcommittee approved this." He did not get approval by the RAC, and the

reasoning that led the subcommittee to approve this proposal is not clear. There are

really two, quite separate, reviews that are not linked in a subcommittee/ committee

relationship. Two reviews are not necessary as illustrated by the fact that both Dr.

Freeman and Dr. Rosenberg seemed to present the same material to the RAC that they

had presented to the subcommittee. The Science article (August 9, 1991, volume 253)

quoted one gene therapy company as saying they were thinking of bypassing the RAC
review because it was so cumbersome. The article stated that if duplication of review

continues, scientists would be better off spending their time and resources doing research

rather than flying in for RAC and HGTS meetings. The RAC should think very

seriously of trying to streamline the process into one single review at this level. The
RAC could be reconstituted in recognition that it would have gene therapy as its primary

mission. Outside consultants could also be used to cover other issues before the RAC.
There could be some type of a pre-meeting review where the primary and secondary

reviewers would consult in the study section format with the investigators.

Dr. Atlas agreed with Dr. Post. Today's events were good examples wherein the

investigators gave a presentation of the research to the RAC that was previously

presented to the HGTS. The subcommittee did not say, "Here is what we reviewed, here

is what we thought were the key issues, here is why we recommended this or that." The
RAC had to listen to the original data and ask questions which may or may not have

been previously asked. If the subcommittee is retained, it should give input from its

review in the form of a report to avoid a duplication of efforts.

Dr. Bourquin reemphasized that most of the real expert review of the protocols before

the RAC is done in the subcommittee. There is a different review that occurs in the

RAC due to the composition of the committee. He endorsed combining the two

committees because the in-depth review that the subcommittee performs is needed in the

RAC. With the emphasis for the RAC being human gene therapy, the function of the

subcommittee must be acquired by the RAC through restructuring to provide expertise in

that particular area. Issues like the Actinomycetes should be handled by the creation of a

working group of experts composed of committee members and ad hoc consultants to

make a recommendation to the RAC.
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Mr. Mannix said the question of improving the working relationship between the

subcommittee and the parent committee, with respect to human gene therapy proposals,

should be separated from the question of what to do with the rest of the NIH Guidelines

issues. The more urgent business is deciding how to handle the human gene therapy

proposals. Combining the committees and meeting more often than three or four times

a year is a good idea. In the longer term, the question of what to do with the rest of the

NIH Guidelines and the other proposals that do not involve human subjects will have to

be addressed.

Dr. Epps agreed with the combination of the two committees. She was also concerned

that too much time is allowed for the presentations. The RAC is often not being

advisory but educating the individuals. Those who were expert in certain areas certainly

were very generous with the information that they provided. However, the RAC should

not rush into dissolving the subcommittee. Dr. Leventhal should complete her working

group assignment.

Dr. Kelley said one way is to approach this issue with some general principles to which

the RAC would agree. One principle would be that efforts should be made to facilitate

development of the field of gene therapy. A second principle might be that one should

have only one scientific review at this level. Another principle might be that a scientific

review should include experts in the specific area involved. Another principle, that is

more debatable, is that whatever mechanisms are developed, they should be time-tested

at the NIH so that it is not a completely different approach than the one that the NIH is

accustomed to using.

Dr. Leventhal said the subcommittee had started giving contingent approval to a number
of protocols to save time. However, there has to be a way to ensure that the second

committee and the investigator knows what is expected for approval. A good way is the

reporting of the deliberations of the scientific review body back to the investigators so

that they can present clear answers to those questions. She proposed that the primary

reviewer of the protocol take notes during the discussion and clarify the requirements for

approval in a letter to the investigator. That letter then becomes part of the record.

Mr. Capron said it is possible to have a sequence in which a protocol comes before the

subcommittee; and if it falls into one of the categories where there is little reason for

concern, the members could approve it. If there are unresolved questions, those are

then stated for the investigator who has the opportunity at the RAC meeting to come
forward with provisional approval and satisfy the points of concern that were raised by

the HGTS. He added that it is clear from today's proceedings that the requirements

stated in the Points to Consider need to be clarified for RAC and the investigators. The
Points to Consider are a means of indicating the categories of information which this

committee is likely to want to know. They are not guidelines. They are not regulations.
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They are simply categories. Another issue of concern that has been on everybody's mind

is the potential for inheritable changes and for genetic enhancements in the field of gene

therapy. The subcommittee is thinking about what it is going to do to inform itself, the

RAC, and the American public, about responding to these basic issues. It would be

valuable to have two groups working on these issues as well as the NIH Guidelines issues.

Dr. Mclvor said that as a member of both the HGTS and the RAC, he is sensitive to the

problem of relaying information from the subcommittee meetings to the parent

committee. He said that the current system works.

Mr. Capron asked Dr. Kelley to consider reformulating his first principle. The Atomic

Energy Commission got itself into a lot of trouble by trying to promote and regulate the

field. There are a lot of people around, in private industry and at the NIH, who can

promote this field. Perhaps the notion should be that the RAC does not intend to

unduly, improperly, or unnecessarily obstruct the field. Dr. Kelley agreed with the

reformulation.

Dr. Gellert suggested that when proposals start going through both rounds of review

without any changes, then the subcommittee will be plainly redundant. As yet, there

have not been any that are even close. The double review is not yet redundant. If there

is an effort to amalgamate the committees or reduce the role of the subcommittee, it is

very likely that applications will come to the full committee twice with no particular

saving of effort.

Dr. B. Murray stated that even though a protocol might come to the same committee

twice, at least everybody is exposed to the full discussion. There could be some
advantage to having it come to the same committee twice instead of two different

committees in the same time interval.

Dr. Geiduschek said that the need for two non-overlapping groups to do the review

implies a lack of confidence in the reviewers. Even with minutes, having the first review

and the second review done by non-overlapping committees results in wasted effort. A
single group doing the review, even multiple times, is better than the situation as it

exists.

Ms. Buc expressed concern about having the interaction between the investigator and

either of the committees be in the form of post hoc letters which are not part of the

public process. There is a value to the discussions being public; the minutes are the way
to solve that problem.

Dr. Epps suggested the development of an interim solution. Mr. Barton suggested they

ask one of the overlapping members between the subcommittee and the RAC to give a
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short summary of the critical issues before the HGTS.

Dr. Kelley said that the RAC and the HGTS may never have enough expertise to review

some of the protocols as long as the field is as broad as it is right now. The notion of

using ad hoc consultants is very common and very familiar to the NIH. As long as

proposals cover many different fields, the process would be well served to try and put ad

hoc consultants into the mechanism.

Dr. Walters suggested a new kind of document to come out a short time after the

subcommittee meeting, a one or two page statement of the critical issues in the review

process of a particular protocol.

Dr. Leventhal reiterated that the primary reviewer of the protocol at the subcommittee

level could write a letter to the investigator stating what needs to be done to have the

protocol approved. She added that the investigator could respond in writing the second

time and not come and make the entire presentation all over again.

Dr. McGarrity summarized the committee's statements. In the interim period, the

members of the RAC would like to streamline the process by getting minutes out as

quickly as possible, and sending a summary of specific questions out to the investigators

as quickly as possible, having them respond in writing. If possible, the same reviewers

will be used for both reviews if there are two reviews; this will provide continuity. Dr.

Mclvor suggested that the chair of the committee write the letter to the investigators.

Dr. McGarrity also suggested this could be done by the Office of Recombinant DNA
Activities (ORDA).

The meeting ended its first day's session at 5:05 p.m. on October 7, 1991.

VII. PROPOSED AMENDMENT TO APPENDIX D OF THE NIH GUIDELINES
REGARDING A GENE THERAPY PROTOCOL ENTITLED: GENE THERAPY OF
FAMILIAL HYPERCHOLESTEROLEMIA

Dr. McGarrity reconvened the committee. He called on Dr. Mclvor to begin the

discussion.

Dr. Mclvor noted that he was the secondary reviewer for Dr. Wilson's protocol at the

subcommittee meeting in July. He said he would give a summary of the proceedings of

that meeting and how the investigators have answered particular questions about the

protocol. The proposed treatment is for patients with familial hypercholesterolemia

(FH) which is characterized by severely elevated levels of cholesterol in the bloodstream.

These partients are at risk of severe liver coronary disease. The protocol involves the

surgical resection of a portion of the patient's liver, and the isolation of hepatocytes from
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this tissue. The hepatocytes are then transduced with the retroviral vector, which is

designed for expression of the low-density lipoprotein (LDL) receptor. These patients

are defective or deficient in expression of the LDL receptor; this is the molecular basis

for the disease. After transduction, the hepatocytes are reinfused into the patient

through the portal vein. These hepatocytes will seed the liver and may function to lower

the level of cholesterol in these patients, and reduce their risk of coronary disease. The
proposed therapy uses autologous cells and therefore, is less risky than an orthotopic

liver transplant, the currently available therapy.

Dr. Mclvor noted that the investigators have done extensive experiments in an animal

model, the Watanabe hyperlipidemic rabbit, in which they have demonstrated a long-

term reduction in the level of serum cholesterol. They have essentially performed the

same experiment that is being proposed for humans. The vectors to be used are safer

than the ones that have been proposed in the previous protocols, because the enhancer

elements in the long-terminal repeats have been inactivated. The packaging cell line is

one that splits the protein coding sequences into two separate pieces resulting in less

chance of generating replication competent virus. The PA317 cell line, used by others,

expresses both of the retroviral protein coding genes from the same segment of DNA.
The only possible risk would be associated with the expression of the LDL receptor.

There could be a possible immune response in patients that previously have not

expressed any LDL receptor. The investigators have indicated that they will follow these

patients closely for any possible immune response.

Dr. Mclvor said the efficiency of repopulating the liver with these infused cells was

determined by doing RNA protection studies on animals that had received transduced

hepatocytes. The investigators were able to estimate the frequency with which

hepatocytes were repopulating in the liver. In terms of the molecular and metabolic

evaluation, the investigators will be doing molecular tests such as PCR and in situ

hybridization. They may do RNase protection if there is sufficient sample available from

biopsies. In terms of the anticipated efficacy, there can be a five-fold variability of LDL
receptor expression from one transduced hepatocyte to the next. The gene transfer

frequency in the hepatocyte population is at most 5%. Finally, the frequency with which

the cells repopulate the liver is as much as 2%. All three of these issues factor into the

efficiency that one can express this gene in a patient and, therefore, affect the disease.

Dr. Mclvor noted that patient selection was discussed at the subcommittee meeting. The
treatment may involve children. The question of whether to include individuals who
could not give their consent needs to be addressed. There was also some discussion on
limiting the study to only the receptor negative population. The subcommittee decided

to leave it open to all of these patients, although it was the receptor negative patients

who were most likely to benefit from the procedure. The protocol was approved by the

subcommittee with additional information to be provided about quality control data on
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the virus and the cells post-transfection, and clarification of the stopping rules. A revised

consent document was also requested.

Dr. Doi said that some of the strong points of the protocol were as follows. The
preclinical results with the Watanabe rabbit model seemed very promising. The
recombinant autologous hepatocytes were associated with the 30-40% decrease in serum

cholesterol which persisted for about four months. No immune response to the

recombinant LDL receptor was noted. Although there was a higher than normal level of

LDL receptor expression, it did not seem to affect the physiology of the cells. There was

relatively little, or no, rejection of infected allogeneic hepatocytes, which will allow long-

term treatment in the absence of immunosuppressive therapy. The investigator worked

out some aspects of the experimental design with a single baboon. The technical aspects

of partial hepatectomy and catheter placement seem to work well with no postoperative

difficulties. There are two kinds of patients, those who are homozygous for the

abnormal LDL receptor genes and those who are heterozygous. The homozygous

patients usually die at about age 12; so it is critical to treat these patients. In summary,

this is a well thought-out protocol based on solid preclinical data and that the probability

of success seems high.

Mr. Capron noted that patients are to be brought to the University of Michigan to

participate in this protocol from around the country. He asked whether the information

that accompanies the consent form is provided at the time that they are already in

Michigan. He asked for clarification of the timing of the information, the timing of the

consent process, the patient's transportation to Michigan, and the availability of other

treatments at the University of Michigan in addition to gene therapy. The Points to

Consider submitted by the investigator to the RAC insist that subjects not withdraw after

the liver is resected but before the cells have been reinfused. The reason for concern is

that the patient would have taken a surgical risk and received no benefit. Clearly this is

a paternalistic judgement on the part of the researchers. If someone chooses to

withdraw at this point, he/she must be free to withdraw. He expressed concern, as he

had at the subcommittee meeting, that this research, which is still at a very early stage of

gene therapy, should not be performed with children. This is a disease which does

express itself in children but also expresses itself in adults. The committee has to

recognize the fact that this remains experimental, and the researchers say there is only a

small possibility that there will be any benefits. This is a learning process. Learn first

with people who can consent to participate in that context. If children are going to be

treated, older children should be asked to sign the consent form because it is not

appropriate to have an older child participate solely on parental permission. The data

from the protocol indicates that 25% of the patients die by the age of 11. However,

there are patients who are critically ill and would be suitable as subjects who are 18 and

over. The age of consent in most states is 18 years.
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Dr. Kelley noted for the record that Dr. Wilson got his Ph.D. in his laboratory and is a

close personal friend. With regards to the treatment of children, there are a number of

pediatricians on the subcommittee who thought that it is not appropriate to exclude

children if there is reason to believe that they would be good candidates for the protocol.

Secondly, there was concern expressed at the subcommittee meeting about restricting the

kinds of patients who would be able to participate in this protocol. Too much restriction

would make the treatment less likely to be successful. Thirdly, there was a discussion

that children may be better candidates since their average life expectancy is only 10 or

12 years; the sick patients are children. Fourthly, there was discussion that the livers

from the younger children might actually respond better to this therapy than the livers of

older patients.

Dr. Miller stated that it would be interesting to look at an analogous situation, that of

human growth hormone deficiency. In his work at the FDA, he faces a dilemma when
overseeing the testing of the recombinant human growth hormone. In patients who are

completely deficient in the gene for growth hormone, neutralizing antibodies are

produced to the recombinant human growth hormone. It is likely that a spectrum of

immune responses to the LDL receptor protein will also occur in the FH patients. That

has implications for the question of whether to use receptor deficient or receptor

negative patients. Those who are receptor negative are likely never to have seen the

LDL receptor protein and are more likely to mount an immune response. However,

negative patients are likely to have the greatest clinical benefit and whose mortality and

morbidity would be the greatest. He suggested that the investigators include both groups

because of the potential knowledge to be gained. However, keep them statistically

separate so that any differential effects, both in efficacy and in immune response, can be

observed.

Dr. Leventhal said this disease should be thought of as a childhood disease, i.e., like

Adenosine Deaminase (ADA) deficiency. If one insisted on doing ADA deficiency

experiments in adults, one would never be able to do the experiments. The risk in a

child with FH, who has a lot of stigmata of the disease at age 4, of having this procedure

done is a great deal less than by the time the child reaches the age of 12 or 13, when
coronary artery disease is pronounced. The risk of anesthesia and the procedure itself

goes up with each year that one lives with the disease. The committee could place a

medical restriction on the protocol that the serum cholesterol be a certain level for a

certain number of years before the procedure can be initiated. Such a disease severity

criterion instead of age criterion is reasonable.

Dr. Wilson responded that FH is a devastating disease that has encouraged the

development of gene therapy technology. He described a patient, Stormy Jones, a young

girl who had FH. Homozygous FH is extremely rare; there are approximately 100
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patients in the United States. This homozygous group has on average elevated

cholesterol levels of around 700 mg/dl. There is no therapeutic treatment of choice for

homozygous FH at this time. One approach is to purge the blood of LDL by bringing

the patient in every other week for plasmapheresis. The level of LDL goes down
temporarily and then returns to baseline. This is done for the life of the patient. There

is also orthotopic liver transplantation. There is significant morbidity associated with this

procedure although some decrease in cholesterol levels has been obtained. These

conditions suggested a model for gene therapy in that selective reconstitution of LDL
receptor expression in the liver could produce some level of metabolic correction.

Dr. Wilson described the experimental strategy. A portion of the liver from a FH
patient would be removed and cultures of the hepatocytes established. The recombinant

retrovirus able to efficiently transduce these cells would be generated, the cells

transduced, and transplanted back into the patient. He cautioned that normal levels of

LDL receptor activity cannot be reconstituted in the patient. However, the procedure

should provide some level of correction. He described the preclinical animal

experiments. In the animal model for FH, the Watanabe rabbit, a portion of the liver

was removed, the hepatocytes were transfused with a recombinant retrovirus that

expresses the rabbit LDL receptor gene, and introduced back into the rabbit. LDL
receptor expression was reconstituted in about 20%, or as many as 50%, of the

transduced hepatocytes as shown in RNAse protection analysis. The level of correction

varied between a 175 mg/dl to a 450 mg/dl decrease in cholesterol levels. It seemed to

be proportional to the level of baseline cholesterol in the rabbits, which averages

approximately 600 mg/dl.

Dr. Wilson then described experiments using human hepatocytes. Interestingly,

hepatocytes obtained from the youngest patient yielded the highest level of gene transfer.

As to the issue of the age of the patients used in the study, his observation in virtually

every animal experiment, as well as in the limited human cell experiments, is that the

hepatocytes isolated from a younger specimens are more capable of incorporating the

retrovirus. He noted that the entire vector to be used in the study is being sequenced in

an appropriate FDA-approved laboratory. The packaging cell line is Y-CRIP. It differs

from the packaging cell lines used by others in that both functions necessary to form a

virus are contained on separate DNA molecules. This would make it less likely that a

recombinant replication competent virus would be formed.

Dr. Wilson noted that the real risks of the procedure are not related to recombinant

DNA but are related to the surgical procedures and manipulations. The patient is only

subjected to one operative procedure. During the liver resection, a catheter that exits

percutaneously will be placed in the inferior mesenteric vein which leads into the portal

circulation. The cells will be infused into the catheter which will be subsequently

removed; this can be done at the bedside. After a dialogue with the referring physician,
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it will be decided if the patient would be a possible candidate. The patient would be

brought to the University of Michigan four to six weeks before the procedure for a two

to three day visit in the University Clinical Research Center at the Center's expense.

The patient will be informed about the procedure. Dr. Wilson said he will personally

talk to patients about the protocol. There will be a non-invasive evaluation of their

eligibility; and if selected, therapy will be offered. After therapy, the patient will be

discharged within ten days, and there will be subsequent follow-up with respect to the

metabolic analysis.

Dr. Wilson said that experiments had been also performed in one baboon. The goals of

the baboon experiment were to demonstrate the feasibility of the surgical and logistic

issues of the procedure. They also wanted to look at issues of short-term toxicity,

specifically issues that relate to harvesting and growing the cells as well as any

complications of the reinfusion and of the catheter insertion. The therapy was

administered, and the animal subjected to a laparotomy. The animal was checked for

patency of the portal circulation, and a liver biopsy was performed. In the long-term

follow-up, the animal was clinically normal, and the chemistry and hematology were

within normal limits.

Dr. Wilson addressed patient selection issues. First, the receptor status is checked. If

the patients are receptor-negative, they have a poor prognosis. Whereas if they are

receptor-defective, some patients have a poor prognosis; but it is difficult to stratify that

group. Thus, their disease status will be carefully evaluated. The patients will be

evaluated by history and physical exam, echo with Doppler, and an exercise test to

identify those who have absolute contraindications. At that point if they have acceptable

risks, they would be considered as candidates for therapy.

Dr. Leventhal asked if there is a reasonable alternative therapy for this group of

patients. Dr. Wilson said most of these patients are followed by a lipid center and are

being managed either by plasmapheresis, drugs, or both. In terms of his own clinical

interest, he would like to have the opportunity to manage some homozygotes by

whatever means appropriate. Treatment has to be individualized; there is no standard

therapy because nothing seems to work. If and when a liver transplant becomes
indicated, it would be offered to the patients.

Mr. Capron said there is a potential problem whenever rare diseases are studied, and

people are transported to a center for only that purpose. He asked what could be done

to have more of the education and the real decision-making, including Dr. Wilson's

conversations with the patient's, occur in the patient's local clinical center before coming

to the University of Michigan. Dr. Wilson replied it is possible, given the quality of

some of the local clinicians, but it is equally possible that the patient may gain additional

insight from in conversations with the investigators at their first meeting in Michigan.
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Mr. Capron said that it is likely that once a patient comes to the University of Michigan

at the university's expense, the patient may not feel the freedom to decline treatment.

Ms. Buc asked if the investigators will also pay the for the patient to return home if it is

decided not to continue the therapy. Dr. Wilson said that the full cost of all pre-

evaluations will be paid by the university.

Dr. McGarrity said he hoped that patients would be able to walk away, think about it,

talk to other people who can help make a decision, return to continue the educational

process, officially enroll, and sign the consent form. Dr. Wilson said he is quite

comfortable with Dr. McGarrity's suggestion of giving the patient time to decide.

Dr. Doi asked about the half-life of a hepatocyte cell that has been transfused back into

the animals. Dr. Wilson said it has been a very difficult question to address, but he had

read estimates of anywhere between one month and a year.

Dr. Leventhal asked about long-term follow-up for the baboons. She noted that Dr.

Wilson is planning to biopsy the human patients at three months, and asked what else he

is planning for the patient's follow-up.

Dr. Wilson replied that the long-term follow-up for the baboons will consist of clinical

evaluations, chemistries, hematology, tests for replication competent virus, and probably

one percutaneous liver biopsy for gross histopathology, as well as some specific

immunocytochemical staining for viral antigens. The patient long-term follow-up is

essentially metabolic with one percutaneous liver biopsy.

Dr. Leventhal noted that in a couple of committee reviews, there were concerns about

the possible carcinogenesis of this procedure. She asked if there was any experimental

basis for that concern. Dr. Wilson said it is theoretically possible. The simple

cultivation in vitro and potential insertional mutagenesis could potentially predispose the

reinfused cells to carcinogenesis. He stressed that these are theoretical concerns. In his

experience in hepatology, it has been very difficult to transform hepatocytes since they

are terminally differentiated cells. Carcinogenesis in rodent and rabbit experiments has

not been observed.

Dr. Doi asked about the relatively short hepatocyte half-life and the need for subsequent

infusion of modified hepatocytes. Dr. Wilson said they could repeat the treatment. The
investigator's goal is to cryopreserve cells and simply reintroduce them. What poses a

scientific hurdle is the ability to expand hepatocytes in vitro. This has not been done. It

is currently possible, however, to cryopreserve hepatocytes and reinfuse them.

Dr. Atlas asked what the investigators plan to do if there is an immunologic response in

the receptor-negative patients. Dr. Wilson said that the potential effect of the therapy
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involves taking a receptor-negative patient from zero to 5%. The receptor-negatives,

whatever their age, are more important in terms of potential benefit. A younger group

of patients is preferable because it is easier to isolate, propagate, and more importantly

to transduce younger hepatocytes. This is true in the limited human experiments, as well

as in the animal studies. The analysis of the immunologic consequences is one of the

most important aspects in the treatment of these patients. This information would be

extremely helpful in the subsequent design of other experiments. He pointed out that

the University of Michigan's transplant immunologists will participate in the protocol

because it is possible that the receptor-negatives will develop an immune response.

Ms. Buc asked if the reduction of cholesterol levels from 900 mg/dl to 700 mg/dl would

be of any benefit to the patient particularly when the remaining level would still be so

high. Dr. Wilson stressed that the therapy is not going to be a cure. But pharmacology

and plasmapheresis, the currently available treatments for FH, only accomplish a

transient decrease that eventually goes back to baseline. The hope is that the proposed

therapy will diminish the baseline and allow the patients to better participate in the

other therapies. The problem with drug treatment in the receptor-negative patients is

that the pharmacology is based on up-regulating the LDL receptor. These homozygous

patients do not have receptor, but gene therapy could give them a receptor level of

approximately 5%.

Dr. Gellert asked Dr. Wilson to comment on the issue of telling patients that they should

not withdraw after resection and before reinfusion. Dr. Gellert asked Dr. Wilson if he

was comfortable with withdrawing that as part of the design. Dr. Wilson said a

statement has been included indicating explicitly that the patient can withdraw at any

time. Dr. Gellert said that there is an explicit statement that it would be critical for

patients not to withdraw at this particular time. He said that a patient should always be

free to withdraw regardless of the fact that they have taken the risk and are not deriving

benefit. He asked Dr. Wilson to modify the protocol to reflect that stance. Dr. Wilson

said he would make the changes.

Dr. Leventhal moved to approve the protocol, for the treatment of three patients as

requested by Dr. Wilson. Dr. Kelley seconded the motion.

Mr. Barton moved that the treatment be restricted to adults. Dr. Leventhal refused to

accept the amendment, because she said that the treatment should be available to

patients on the basis of symptoms, not age.

Mr. Barton stated concern about small children not being of age to consent to these

experiments where risk is involved. There is an adequate adult patient population

available for the initial three treatments in which expected and unexpected risks can be

assessed. After the first three patients, the age limit could be removed.
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Dr. Leventhal said that the risks of the procedure are much lower for the patient who is

symptomatic with angina pectoris than the risk of death, liver transplant, or coronary

artery bypass. It is a deprivation, not a protection, to disallow a patient that needs

treatment.

Dr. Mclvor asked for Dr. Wilson's viewpoint on patient availability. Dr. Wilson said he

thought it would be possible to find three patients who were over 18. He stressed that

they would not be the patients most likely to benefit from this procedure. It is much
easier to efficiently complement hepatocytes from a younger patient. Patients with the

most aggressive fulminant disease are the younger patient population who are receptor-

negative.

Ms. Buc said recognizing that there are risks, the question is not really who is most likely

to benefit but from whom it is appropriate to elicit consent. Unless the younger children

are different in kind, not just in degree from the older children, then the benefit alone

should not be the only factor in deciding to start with the younger patients. Dr. Wilson

said he could enroll adults, but he reiterated that the chance of demonstrating efficacy in

that group is not as high as it is with the younger group.

Dr. Mclvor said that this protocol varies considerably from some of the previous

protocols in that it could provide a therapeutic effect. He said he would like to see the

investigator given a chance to find the circumstances under which efficacy will most

likely be demonstrated, therefore, the experiment is most likely to work. He said he was

in favor of not restricting this protocol to adults.

Dr. Kelley suggested a compromise that would encourage the investigators to seek older

patients if possible. This is an important experiment, and it would be a shame to see it

delayed for a length of time awaiting that particular requirement.

Dr. Schaechter said the biology of this situation, as well as the practicalities, demand that

the work be done with children.

Dr. Miller said he would be surprised if the FDA accepted a limitation to adults on the

basis of these consent arguments. Dr. Carmen agreed.

Dr. B. Murray added that because of the risk of other experimental therapies, such as

liver transplantation or heart-lung transplantation, she would be opposed to the age limit

restriction.

Mr. Capron asked if the receptor-deficient patients are included in the protocol for

comparative reasons. Will there be any clinical benefit to those patients? Dr. Wilson

replied that the expectation is that they would get benefit.

[42]
Recombinant DNA Research, Volume 15



Recombinant DNA Advisory Committee - 10/7-8/91

Dr. McGarrity put the motion to restrict the patient selection to the adult population of

18 years of age or older to a vote. The motion failed by a vote of 3 in favor, 13

opposed, and 1 abstention.

Dr. McGarrity put the motion to allow Dr. Wilson to treat three patients to a vote. The
motion passed by a vote of 16 in favor, 0 opposed, and 1 abstention.

Dr. McGarrity added that the action signifies a new attack on yet another genetic

disease, and represents an important advance in human gene therapy of genetic diseases.

He wished Dr. Wilson the best and commented that his group had done an outstanding

job in the presentation of their material.

VIII. MINUTES OF MAY 30-31, 1991, MEETING (CONTINUED)

Dr. McGarrity asked the committee to move to the next item, the approval of the

minutes from the previous RAC meeting. He noted that Dr. Mclvor had volunteered to

review them.

Dr. Mclvor said he had read the minutes for the May 30-31 RAC meeting and seconded

their approval with some typographical corrections.

Dr. Post said he was listed as reviewing Dr. Brenner's consent form, and that is incorrect.

Dr. McGarrity put the motion to approve the minutes to a vote. The motion passed with

a vote of 15 in favor, 0 opposed, and no abstentions.

IX. FUTURE ROLE OF THE HUMAN GENE THERAPY SUBCOMMITTEE

Dr. McGarrity summarized the major points of the previous discussion of this topic.

Over the years the RAC has characterized itself as undergoing a continuing evolution.

The development and evolution of the NIH Guidelines includes areas such as industrial

scale-up, industrial practices, and environmental release. There is a general consensus

that something must be done to streamline the review process of gene therapy proposals.

There have been a variety of comments on this issue. Also, there have been a number
of comments addressing the matter of a rapid reporting of the minutes so that they can

get back to the group in a timely fashion. He asked Dr. Walters if he would begin the

discussion as Chair of the HGTS.

Dr. Walters noted that eight gene transfer protocols and seven gene therapy protocols

have been reviewed by the HGTS. Six protocols were approved by the subcommittee

and forwarded to the RAC on the first cycle of review. Three protocols went through

two cycles of review and three protocols required three cycles of review. Two protocols
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were deferred, either by the HGTS or the RAC. There was one protocol that was

deferred by the subcommittee, and then not pursued by the principal investigator. In the

last two HGTS meetings, seven new protocols were submitted. Five were approved on

the first round and two were deferred.

Dr. Walters suggested a parallel review process rather than a sequential review process

as a way to streamline review procedures. He suggested simultaneous submission of

protocols to the local Institutional Review Board (IRB), IBC, ORDA (for consideration

by the HGTS and the RAC), and FDA. The subcommittee could provide a forum for

the consideration of issues like germ line intervention.

Dr. Leventhal said one of the benefits to parallel processing of protocols would come in

the final processing of the consent form. This is really the responsibility of the IRB; the

RAC spends more time on consent forms than is within its purview.

Mr. Capron said he wrote a motion that the RAC endorse the process established by the

HGTS to reexamine how each committee handles various aspects of gene transfer

experiments, including those with expected therapeutic effects as well as marking. The
RAC would look forward to the results of the working groups on germ line therapy

chaired by Dr. Parkman and the follow-up of approved gene transfer protocols chaired

by Dr. Leventhal. The RAC should establish a working group to develop a set of

principles to guide its operations and future formulation of guidelines, along the lines

that Dr. Kelley suggested. Barring major new developments, the RAC should not further

debate the issue of merging itself with the HGTS during the coming year, pending the

recommendations of the three working groups. In the interim, the following procedures

could be employed to facilitate the effective and efficient review of protocols involving

human subjects.

3A Immediately after the review of the protocol by the HGTS, the primary

reviewer (working with the committee Chair and the Executive Secretary)

will prepare a summary of the points needing further attention, which will

be submitted to the principal investigator.

3B. Such statements will also be promptly circulated to members of the

subcommittee, and any points that they identify as having been omitted

from a summary will be added to the list and conveyed to the principal

investigator.

3C. As a standard routine matter, the principal investigator will be asked to

provide a written summary and copies of any slides regarding material

[
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presented orally at a HGTS meeting that were not in prior written

submissions to ORDA.

3D. If a protocol is deferred, the summary of the prior discussion, along with

minutes of the meeting, will be submitted to the HGTS prior to its next

review of the protocol.

3E. Once a protocol has been fully or provisionally approved by the HGTS, it

will be placed on the agenda at the next meeting of the RAC, whose

members will be provided with any summary statements of the HGTS's
consideration of the protocol, relative minutes, and the written material

submitted by the principal investigator to cover points presented orally.

Dr. Geiduschek seconded the motion.

Dr. Leventhal proposed, with respect to her working group's activities, that the term

gene transfer be replaced by "follow-up the protocols already approved." Mr. Capron

said he would substitute the phrase "follow-up the human subject protocols already

approved."

Dr. Post said that Mr. Capron’s suggestions would help the relationship between the

RAC and the HGTS, but asked why they should freeze the discussion for a year. Dr.

Post proposed that this motion taken up at the next RAC meeting after the

recommendations from Dr. Leventhal's and Dr. R. Murray's working groups.

Mr. Capron suggested that the phrase "during the coming year" be changed to "pending

taking actions."

Dr. Anderson expressed his concern that the primary area of attention is shifted from

what is best for the development of the field of gene therapy to having the best

bureaucratic procedure. The point is that there really is no need for two separate

reviews.

Dr. Leventhal said that the RAC would very much like to make it easier for the

investigator to understand, in a timely fashion, what comments had been made at the

meeting. The charge of her working group is to develop a regular format for follow-up

and feedback of active protocols. However, the RAC needs to be considerate of the

investigators and not subject them to an overabundance of reporting. The second charge

of the working group is the possible development of categories of protocols will exist that
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do not need to come to this committee anymore because there have been no problems

to date treating a certain number of patients.

Dr. Miller agreed with Dr. Anderson that the dual review is regressive, superfluous, and

slow. Given that the RAC has little review other than gene therapy protocols, it seems

self evident that the committee should reconstitute itself to be primarily concerned with

gene therapy.

Dr. B. Murray said that she did not see the need for two committees considering what

has been done recently. The review of the protocols could be facilitated if the

committees were merged. Dr. Mclvor did not agree that the process by which protocols

moved through the system would speed up. There has not been a protocol that would

have gone through the system requiring only one review. But what is absolutely

apparent from the proceedings at this meeting is that there is a lot of repetitiveness.

This argues strongly in favor of a single review. He reiterated a suggestion made by Dr.

Epps that a working group could informally discuss some of the issues with the

investigator; and make a series of provisions, if necessary. The protocol could be given

conditional approval and then sent to the RAC for formal review.

Dr. McGarrity said his understanding is that the subcommittee is looking at the future

activities of the RAC. A motion could be passed to ask the HGTS to examine it's future

relationship with the full committee.

Dr. Schaechter proposed that the Chair call the question.

Dr. McGarrity called a vote to call the question on Mr. Capron's motion. The motion to

call the question passed by a vote of 8 in favor, 3 opposed, and 2 abstentions.

Ms. Wilson stated that Mr. Capron's motion had been changed in item number one

where the phrase "gene transfer experiments" was changed to "protocols involving human
subjects " the second time it appears. In item number three, "during the coming year,

pending taken actions" has been changed to "pending having taken action on" the

recommendation. In current number three, where it begins "and as an interim matter," it

would become item number four.

Dr. Geiduschek said there was also a change in item number two where it says "The

RAC establish a working group." That would change to "The RAC assigned to Dr. R.

Murray's working group."

Dr. McGarrity put the motion with the wording as amended to a vote. The motion
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passed by a vote of 10 in favor, 1 opposed, and 2 abstentions.

Dr. Leventhal said that Dr. Freeman was owed timely feedback, as well as the

subcommittee, as to what the concerns were in his protocol that led to its being deferred,

what information he must have, and where he should bring it. Dr. McGarrity said

ORDA's staff would take care of conveying the information to Dr. Freeman.

Dr. Post moved that the RAC request that the three working groups of the HGTS have

some form of recommendation available at the next RAC meeting so that they can be

discussed further at that time. Dr. Atlas seconded the motion.

Dr. McGarrity put the motion to a vote. The motion passed by a vote of 10 in favor, 0

opposed, and 3 abstentions.

X. FUTURE MEETING DATE OF THE RECOMBINANT DNA ADVISORY COMMITTEE

Dr. McGarrity noted that the next meeting of the RAC will be February 10-11, 1992. A
letter from Dr. Deisseroth was received in which he proposes a minor change in his

protocol. It was referred to the primary reviewers on the RAC, and Dr. Walters is

referring it to the primary reviewers on the subcommittee.

XI. ADJOURNMENT

Dr. McGarrity adjourned the meeting at 1:00 p.m. on October 8, 1991.

Executive Secretary

I hereby acknowledge that, to the best of my
knowledge, the foregoing Minutes and Attach-

Pat / Qj l.

Chair
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Precis: When tumor is resected from patients as part of the natural course

of their treatment, an attempt will be made to establish a tissue culture

line of the tumor. The gene coding for tumor necrosis factor will be

introduced into these tumor cells and the integration and expression of this

gene will be tested. Patients will become eligible for this study only if

they develop metastatic cancer that has failed all standard effective

treatment and have no other effective treatment options available to them.

Tumor cells will be injected intradermally and subcutaneously into the thigh

of these patients. The amount of tumor injected will be less than l/50th the total

tumor burden of the patient. In previous studies we have shown that these gene-

modified tumor cells are more immunogenic than the native unaltered tumor.

Attempts will then be made to grow immune lymphocytes either from the tumor site
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Attempts will then be made to grow immune lymphocytes either from the tumor site

or from the draining lymph nodes of these patients in order to use these

lymphocytes for adoptive immunotherapy as detailed in previous protocols.

The direct effect of the immunization with these immunogenic tumor cells will

also be measured by assessing the impact on established tumor at other sites.

Fifty patients receiving tumor inoculation will be included in this study.
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I. OBJECTIVES

To evaluate the possible therapeutic efficacy of the injection of

autologous cancer cells modified by insertion of the gene for tumor necrosis

factor into patients with advanced cancer.

II . INTRODUCTION AND RATIONALE

1. Cell transfer therapy using TIL . Research in the Surgery Branch,

NCI has been directed toward developing new immunotherapies for the treatment

of patients with cancer (1-5). Based on extensive animal experimentation we

developed treatment approaches using the administration of high dose

interleukin-2 ( IL-2 )
alone or in conjunction with the adoptive transfer of

lymphokine activated killer (LAK) cells in patients with advanced cancer (1).

We have now treated 178 patients using LAK cells in conjunction with IL-2 and

136 patients with high dose IL-2 alone (3). The results of the treatment of

these 314 patients are shown in Table 1 and Table 2. These studies have

demonstrated that the administration of high dose IL-2, either alone or in

conjunction with LAK cells can result in the regression of advanced cancer in

some patients. Approximately 10% of patients with metastatic renal cell

cancer and melanoma will undergo a complete regression of cancer following

treatment with LAK cells and IL-2 and an additional 10-25% of patients will

undergo an objective partial remission.

In an attempt to improve upon these results, we identified and

characterized a more potent type of killer cell called the tumor infiltrating

lymphocyte (TIL) (6). These cells are cytolytic T lymphocytes. In both mice

and human, TIL can develop the ability to specifically lyse the syngeneic or

autologous tumor and not normal cells or allogeneic tumors (7,8). We

demonstrated that TIL were from 50-100 times more potent on a per cell basis

than were LAK cells in mediating the regression of established cancer in

several murine tumor models (6). These animal experiments led to clinical

trials of the use of TIL in humans (5). The results of the treatment of 50

patients with metastatic malignant melanoma are shown in Table 3. Thirty-

eight percent of melanoma patients underwent an objective regression of their
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cancer, however, the duration of responses has been variable and in many cases

this response has been of short duration.

Extensive studies have been performed in the Surgery Branch, NCI to

study the characteristics of human TIL and the mechanism of action of these

cells in patients (9). In an attempt to study the traffic of TIL following

cell infusion, 19 infusions of TIL labelled with Indium-111 were given to 18

patients and the distribution of these cells assessed using gamma camera

imaging and sequential biopsies (10). Clear tumor localization of TIL was

seen on 13 of 18 nuclear scan series and sequential biopsy data confirmed the

homing of TIL to tumor deposits. These findings raised the possibility that

TIL might be used as vehicles to deliver, to the tumor site, molecules that

might enhance the antitumor activity of the TIL transfer.

To further study the distribution and survival of TIL we have performed

studies of the retroviral transduction of the gene coding for neomycin

resistance into TIL (11) and the subsequent infusion of these TIL into 10

autologous patients with advanced cancer (12). Extensive studies have been

conducted on the first five patients and they are presented in Tables 4 and 5

and Figure 1. No toxicities of any kind could be attributed to the gene

modification of the TIL. The expected toxicities associated with the

concomitant administration of IL-2 were seen. Patients received up to 1.45 x

10 u gene transduced TIL populations. The percent of cells transduced in these

populations varied between one and 11%. In all cases, integration and

expression of the NeoR gene was demonstrated. As shown in Figure 1, gene

modified TIL could be detected at tumor deposits as long as 64 days after gene

transduction.

All safety studies performed in these patients showed no evidence of

exposure to replication competent virus. 3T3 amplification and S+/L- assays

revealed no replication competent virus present in the TIL at the time they

were infused. Polymerase chain reaction analysis for the viral envelope gene

and reverse transcriptase assay of the gene-modified TIL culture were also

negative. Western blot analyses of patient serum at various times after cell
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administration were all negative for evidence of exposure to virus as well.

These studies demonstrated that gene modification of the TIL could be

performed and that these TIL could be infused with no exposure of the patient

to a replication competent virus. These studies provided us with valuable

experience to perform subsequent studies of TIL modified with the gene for

tumor necrosis factor (TNF) . These studies began on January 29 , 1991 and thus

far two patients have been treated with escalating doses of TIL transduced

with the gene for TNF. Thus far no side effects have been seen in these two

patients.

2. Tumor necrosis factor. The injection of recombinant TNF can mediate

the necrosis and regression of a variety of established experimental murine

cancers (13-15). The combined administration of TNF and IL-2 mediated far

greater antitumor effects against subcutaneous and liver tumors than either

cytokine alone (16). The exact mechanisms of TNF antitumor effects are not

clearly understood, although it appears that TNF has a significant effect on

the vascular supply of tumors and CD8+ cells (15). Membrane-bound TNF may be

involved in direct tumor lysis as well (17). These animal experiments have

led to extensive tests of recombinant human TNF administered to humans with

advanced cancer (3,18-21). In the Surgery Branch, NCI, we treated 38 patients

with advanced cancer using escalating doses of recombinant TNF (supplied by

the Cetus Corp. , Emeryville, California) administered in conjunction with IL-2

(3). No antitumor effects of TNF administration have been seen in humans."

However, when high local concentrations of TNF are achieved at tumor sites by

direct intralesional TNF rejection, tumor regression in humans has been seen.

Extensive studies of the difference between the dramatic response of

mice to the systemic injection of TNF and the lack of effect in humans have

focused on the substantial differences in tolerance of mice and man to the

administration of TNF. Tumor bearing mice can tolerate from 400-500 ug/kg TNF

and these doses are required to mediate tumor regression; the administration

of less TNF is far less effective (15). In contrast, the maximum tolerated

Recombinant DNA Research, Volume 15 [61]



dose of TNF in both Surgery Branch, NCI and other studies is approximately 8

ug/kg/day. Thus when injected intravenously only 2% of the TNF dose required

to mediate antitumor effects in the mouse can be administered to man.

Because of the unique effectiveness of TNF in the treatment of a variety

of murine malignancies, we have sought means to selectively increase the local

concentration of TNF at the tumor site. Because TIL can traffic directly to

tumor deposits and concentrate at those sites we hypothesized that TIL

transduced with the gene for TNF and producing large amounts of TNF in the

local tumor microenvironment might have substantially increased antitumor

effects compared to normal TIL. This hypothesis served as the basis for the

protocol dealing with the administration of TIL transduced with the gene for

TNF that is now underway.

In the course of these studies we used retroviral vectors to introduce

the gene coding for TNF into murine and human tumors. These transduced tumor

cell lines produced up to 15 ng TNF/10<cells/24 hours. An example of the

production of TNF over a two month period by high and low producer tumor lines

from a sarcoma in C57BL/6 mice is shown in Figure 2. Extensive studies

introducing the TNF gene construct into human melanoma cell lines were

similar. These transduced cells contained one to two copies per cell of an

unrearranged TNF vector genome and expressed transcripts homologous to the TNF

cDNA corresponding to the proviral transcribed full length message (see Fig.

3). The human tumor cell lines produced up to 15 ng TNF/106 cells/24 hr.

Extensive experiments were performed to test the immunogenicity of these

tumor lines in both syngeneic mice as well as in nude mice. In murine models

we found that unmodified parenteral tumor cells grew aggressively when

implanted subcutaneously into syngeneic mice, although tumor cells transduced

with the TNF gene regressed in a significant number of animals after an

initial phase of growth. An example of this phenomenon is shown in Fig. 4.

This effect correlated with the amount of TNF produced and could be blocked

with a specific anti-TNF antibody (see Fig. 5). The regression of these TNF

producing cells was not associated with any demonstrable toxicity in the mice
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bearing these tumors.

The increased immunogenicity of these TNF producing tumor cells was

demonstrated by experiments showing the immunologic nature of this tumor

regression. TNF producing tumor cells grew well in irradiated mice but not in

non-irradiated mice. Further, the ability of tumor cells to regress was

abrogated by depletion of the CD8+ T cell subset (see Fig. 6). Further,

animals that experienced regression of TNF producing tumors rejected a

subsequent challenge of unmodified tumor indicating the state of immunity to

the tumor that had regressed. In addition, TNF producing tumor cells could

function in a paracrine fashion by inhibiting the growth of unmodified tumor

cells implanted at the same site (see Fig. 7). It thus appears from these

murine studies that tumor cells elaborating high local concentrations of TNF

could regress in the absence of toxicity in the host and that this regression

was immunologically mediated.

Similar studies were performed using TNF gene modified human tumor

cells injected into athymic nude mice. Following the injection of 4 to 8 x

106 human tumor cells into nude mice, non-transduced or neomycin transduced

tumor cells grew progressively. However, tumors that were transduced with the

TNF gene stopped growing after 8 to 10 days in all of the animals and complete

tumor regression was seen in some of the mice (Fig. 8). In these experiments,

DNA was extracted from some stable or regressing human tumors and Southern

analysis revealed intact unrearranged proviral DNA present in all the

regressing tumors induced by TNF-transduced cells. The proviral sequences were

undetectable in the proliferating tumors formed by the non-transduced cells.

The paracrine function of the TNF produced by human tumors was also seen. The

localized elaboration of TNF by TNF transduced cells was also effective in

suppressing tumor formation by control NeoR transduced cells injected at the

same site.

It thus appears that in syngeneic mice the injection of TNF modified

tumor cells was more immunogenic than unmodified cells and could induce an

immunity sufficient to cause the regression of these TNF gene modified tumor
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cells as well as normal tumor cells mixed at the same site. In this proposal

we thus plan to take advantage of the increased immunogenic ity of these TNF

producing tumors to attempt to immunize patients with advanced and otherwise

untreatable metastatic cancer. These tumor cells will be injected

subcutaneously and intradermally into the thigh in an area that can be

followed easily in an attempt to both immunize the patient against their

cancer as well as to provide local immunization that could be used to grow

lymphocytes for use in adoptive therapy. Lymphocytes will be obtained either

from the draining inguinal lymph node group or from the tumor site itself.

In addition to the increased immunogenicity of the gene modified tumor,

recent work in the Surgery Branch has suggested that the subcutaneous

injection of tumor can lead to the development of more effective tumor

infiltrating lymphocytes. In 12 successive experiments, TIL grown from

visceral sites were simultaneously tested by careful in vivo titration against

TIL from tumor injected into the cutaneous site. In 11 of 12 experiments, TIL

from the subcutaneous location were more effective than those at visceral

sites (see Table 6). In three other experiments, TIL from murine tumors in

the liver were less effective than TIL from cutaneous sites.

In the human, other workers have shown that small cutaneous tumor auto

inoculations can provoke significant immune responses. Hoover and Hanna have

published work in which colorectal cancers from primary sites were irradiated

and utilized for autologous immunization of patients in the adjuvant setting

(22). Patients with Dukes B2 and C tumors demonstrated improved overall

survival in a randomized study, presumably due to an effective immune response

to the immunization. In addition, Berg and Mastrangelo have investigated the

immunization of melanoma patients with irradiated autologous tumor, and have

demonstrated the induction of significant T-cell infiltrates in tumors as well

as rare clinical responses in patients with metastatic disease (23,24). These

studies generally utilized irradiated tumor cell inoculation and therefore

result in no tumor for the generation of TIL. The presence of tumor is vital

for generating optimal TIL in that T-cells separated from fresh tumors will
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grow in vitro with IL-2 but will show decreased in vivo efficacy if not re-

exposed to tumor in culture (presumably due to the requirement of cultured T-

cells for antigen exposure) (25 ) . Furthermore, irradiated or non-viable tumor

and tumor extracts produce immune responses in animals that are typically

inferior to the responses to viable tumor (26). Therefore the injection of

small amounts of viable tumor at a cutaneous site might not only result in

tumor for TIL production, but also generate an immune response superior to

that demonstrated using irradiated or non-viable tumor. This immune response

may not only be seen at the tumor site, but pre-clinical models show that T-

cells can be recovered in lymph nodes draining the site of tumor inoculation,

which can be expanded in culture and show in vivo anti-tumor activity. This

aspect of the cellular immune response to tumor immunization will be discussed

later in the protocol.

Because tumor growth at the transplant site is necessary for TIL

production, it is important to know if that will occur and what are the

potential risks involved. Southam and Brunschwig inoculated a series of

patients with a variety of metastatic cancers with their own resected tumors

in graded doses (27,28). This revealed that the majority of patients could

grow tumors at these inoculation sites if an adequate inoculum was

administered. These were all patients with widely metastatic disease or

unresectable advanced cancers and no impact from the inoculations on their

overall clinical course was identified. For patients with widely metastatic

cancer, a very small local cutaneous tumor inoculation (representing a

fraction of their progressive metastatic disease) and subsequent resection of

any growing tumor, is unlikely to significantly accelerate the course of their

systemic disease. In support of this, one can cite the extreme case of tumor

auto-inoculation which occurs when large numbers of malignant cells are

intravenously infused as a result of peritoneal-vdnous shunting to palliate

malignant ascites. Multiple clinical and post-mortem studies fail to show

significant decreases in survival or alterations in the pattern of metastatic

disease in shunted versus non-shunted patients (29-31\. Such shunted patients
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can develop microscopic metastatic implantation, but these studies show that

these implants fail to reach a significant size prior to the patient’s death

from their pre-existing known metastatic disease. Certainly the cells which

might escape from a small, cutaneously-implanted tumor site into the systemic

circulation (if this occurs at all), would be far less than that from the

intravenous auto-inoculation which occurs on a daily basis in these shunted

patients or in any patient with widely metastatic cancer.

Thus, data suggests that auto-inoculation of a small amount of viable

tumor at an isolated cutaneous site will often generate tumors for TIL growth,

but that in the setting of widely metastatic cancer, such an approach is

unlikely to significantly affect survival or the disease course of such

patients. In the experiments in this protocol, however, the introduction of

the TNF gene into tumor is designed to increase the immunogenicity of the

tumor (as reviewed earlier) and will prevent tumor growth in most cases. The

use of draining lymph node lymphocytes can thus provide a source of cells for

use in adoptive immunotherapy of these patients.

Shu et al. have published data in murine models showing that draining

lymph node lymphocytes (DLNL) from sites of tumor immunization can be

sensitized in vitro (by mixed tumor-lymphocyte culture) and expanded in IL-2

(32-34). These cells can then be adoptively transferred to tumor-bearing mice

and show antitumor activity (Table 7). Many of the features of these cells

are similar to TIL (such as phenotype and tumor specificity patterns) although

they have a lesser capability to expand in vitro and may be somewhat less

effective on a cell-for-cell basis (25,35). These cultured draining lymph

node cells are currently undergoing Phase I testing by Dr. Alfred Chang at the

University of Michigan. In order to provide patients undergoing tumor

immunization with a treatment alternative in the event of failure of the

primary TIL culture, at the time of resection of inoculation sites (or at

three weeks after inoculation if no tumor growth is apparent), draining lymph

nodes will be excisionally biopsied to prepare an alternative T-cell culture

for adoptive transfer. This will be performed with sensitization using
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autologous cryopreserved tumor (from the original source used for inoculation)

and IL-2 . These lymph node lymphocytes will be given with systemic IL-2

exactly as intended for TIL.

III. PATIENT ELIGIBILITY

The eligibility of patients for whom cell lines will be established and

who will be offered the treatment portions of this protocol are the same and

are listed below:

1. Patients, age 18 or older, must have histologically confirmed

metastatic cancer for which standard curative or palliative measures do not

exist or are no longer effective. These patients have expected survivals of

six months or less.

2. The estimated tumor burden of the patient must be at least 10 grams

which is 50 times the weight of tumor cells used for the immunization.

3. Women of child bearing potential must have a negative pregnancy

test.

4. Patients must have a negative HIV test.

5 . Patients must have a performance status less than 2 and must

be free of active systemic infections and other major

medical illnesses of the cardiovascular and respiratory systems. They should

have the following laboratory values:

a. white blood cell count greater than 3000/mm3

b. platelet count greater than 150,000/mm3

c. bilirubin less than 1.7 mg/dl

d. creatinine less than 1.7 mg/dl

6. Patients requiring steroid therapy will be excluded.

7. Patients who have received therapy with cytotoxic agents, steroids.,

other biologies, or radiotherapy in the 4 weeks prior to cell inoculation will

be excluded.

IV. TREATMENT PLAN

1. Summary. Tissue culture lines will be established from resected

tumors during the course of normal patient treatment. The gene for
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tumor necrosis factor will be inserted into these tumor cells using rather

retroviral mediated gene transduction -or by transfection Let'hlliguu a uaing-

&a-Ls-irum - phosphate or microin j option '

. Patients that develop advanced

u

n

treatable metastatic cancer and have failed all other effective treatment

s

will be offered the pos sibility of joining this protocol. After signing an

informed consent the patients will be registered in the protocol and will

receive the injection of the gene modified tumor cells into the mid thigh . Up

to 2 x 10 8 gene modified tumor cells will be injected in 1 ml subcutaneously

and three centimeters lateral or vertical from this site the patient will

receive two intradermal injections of 2 x 107 gene modified tumor cells in 0.1

ml each. These sites will then be carefully monitored. At three weeks the

patient will undergo resection of several lymph nodes from the

draining superficial inquinal area. These lymph nodes will be used to grow

lymphocytes for adoptive cellular therapy of that patient. As predicted by

animal models, it is not expected that tumor will grow at the local injection

site. If, however, tumor. does grow then the soft tissue in the area of the
\

tumor injection will be resected when a tumor has reached one to two

centimeters and an attempt will be made to grow tumor infiltrating lymphocytes

from this site. Lymphocytes either from draining lymph nodes or from the

tumor site itself (whichever become available first) will be grown in vitro by

the standard techniques used in many previous protocols and assays published

detail. These lymphocytes will then be adoptively transferred to the patient

along with 720,000 IU/kg of IL-2, exactly as in our previous protocols and as

previously published in detail. The impact of the immunization procedure on

established tumor at other sites will also be monitored to evaluate whether

this immunization procedure itself has anti-tumor effects. Biopsies of

cutaneous or subcutaneous lesions may be performed.

2 . Preparation of the TNF-NeoR vector containing supernatant. The TNF-

NeoR vector used in this protocol is identical to that used in our approved

protocol (#90-C-186) utilizing the introduction of these genes into human

tumor infiltrating lymphocytes for use in human therapy. The following

[
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description of the vector containing supernatant is taken verbatim from that

approved protocol.

The TNF-NeoR vector was constructed by modifying the Moloney murine

leukemia vector by techniques similar to those previously described.

Retroviral vector supernatant is produced by harvesting the cell culture

medium from the PA317 packaging line developed by Dr. A. Dusty Miller (36,37).

This line has been extensively characterized and was used by us in our

previous studies of the infusion of TIL modified by the LNL6 vector (11,12).

The TNF-Neo vector preparations from PA317 will be extensively tested to

assure that no detectable replication competent virus is present. Tests for

replication competent virus will be conducted on both the vector supernatant

and on the tumor cells after transduction . The vector includes the retroviral

LTR promoting the TNF gene followed by the SV-40 early promoter and the gene

ending fnr npnmyri n phosphotransferase. Testing will be the same as

previously approved for the LNL6 supernatants used to introduce the NeoR gene

into TIL (protocol 86-C-183c) . The following tests will be run on the

producer line and/or the viral supernatant:

1) The viral titer will be determined on 3T3 cells. Viral

preparations with titers greater than 5 x 104 colony forming units/ml will be

used.

2) Southern blots will be run on the producer line to detect the

TNF gene.

3) TNF production by the producer line will be measured and

should be significantly above baseline control values. TNF will be assayed

using standard biologic assays on the L929 sensitive cell line (15) or by

ELISA assay (R&D Systems, Minneapolis, MN)

.

4)

Sterility of the producer line and the supernatant will be

assured by testing for aerobic and anaerobic bacteria, fungus and for

mycoplasma.

5)

Viral testing will be performed including:

a. MAP test

Recombinant DNA Research, Volume 15 [69]



b. LCM virus

c. Thymic agent

d. S+/L- assay for ecotropic virus

e. S+/L- for xenotropic virus

f. S+/L- for amphotropic virus

g. 3T3 amplification

6) Electron microscopy will be performed to assure the absence of

adventitious agents.

The retroviral supernatant will not be used to transduce tumor

cells injected into patients until approval is received from the Food and Drug

Administration

.

3. Preparation of gene-modified tumor cells . Tumor lines will be

established in tissue culture from tumor fragments or single cell suspensions

using standard tissue culture techniques (38). Tumor and normal tissue will

be obtained immediately after surgery and processed as follows. The tumors

were minced into 1 mml fragments and dissociated with agitation in serum free

DMEM (Dulbecco Modified Eagle Medium) (Biofluids) containing 2mM glutamine, 0.1

mg/ml hyaluronidase, 0.02 mg/ml Dnase I and 0.1 mg/ml collagenase for 3 hours

at room temperature. The cell suspension was then centrifuged at 800 g for 5

minutes and the pellet resuspended in a culture medium consisting of 5rol o f

DMEM high glucose (4.5g/l) with penicillin and glutamine supplemented with 10%

fetal calf serum. The cells were either centrifuged prior to being frozen in

90% FCS , 10% DMSO at -80° C, or plated in appropriate dishes or culture flasks

in culture medium. Plated cells were incubated at 37° C in a humidified

atmosphere of 5% COz and 95% air. Within 48 hrs, the culture medium was

changed in order to remove all non-attached material. Subsequently, cultures

were incubated for a period of 6 to 8 days without medium change . The tumors

grow as adherent monolayers in tissue culture flasks (Falcon #3028; 175 cm2
;

750 ml) containing about 50 ml of medium. When the cells are actively growing

and not yet confluent the medium will be poured off and 30-50 ml of medium

containing the retroviral supernatant with 5 ug/ml protamine will be added to
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the flask (39). The flasks will be incubated at 37°C for six hours at which

time the medium will be changed. This procedure will be repeated up to three

times. After 24 to 48 hours medium containing 300 ug/ml G418 will be added

directly to the flask and the cells will be grown and subcultured for 7 to 14

days in G418 containing medium. The G418 concentration may be raised to 1

mg/ml depending on the health of the culture.

4. Tests on the transduced tumor population. Following transduction,

growth and selection of the tumor populations the following tests will be

performed on the tumor prior to injection into patients.

1) Cell viability will be greater than 70% as tested by trypan

dye exclusion.

2) Sterility will be assured by testing for aerobic and

anaerobic bacteria, fungus and mycoplasma.

3) S+/L- assay must be negative.

4) Southern blot or PCR analysis will be run on the transduced

tumor to assure that proviral sequences are present.

5) TNF protein assay to assure the production of TNF. Cells

must be producing at least 100 pg TNF/106 cells/24 hours.

The S+/L- assay, the 3T3 amplification assay and the polymerase chain

reaction assay are detailed in Appendix A.

5. Injection of tumor cells . Gene-modified tumor cells will be

harvested from the culture flasks by exposure to 0.25% versene (EDTA) for 10

minutes. The cells will be washed three times by suspension in 50 mis normal

saline and centrifugation. The final cell pellet will be suspended in normal

saline and counted. 2 x 10 8 viable cells in 1 ml normal saline will be

injected subcutaneously just beneath the skin in the anterior mid thigh and

the overlying skin marked with a tatoo dot. If 2 x 10 8 cells are not

available, fewer may be given but not less than 2 x 10 7 cells will be

injected. About 3 cm lateral or vertical to this injection the patient will

receive two intradermal injections (separated by 1 cm) of 2 x 10 7 gene

modified tumor cells in 0.1 ml normal saline and these sites also marked by a
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tatoo dot. These sites will be monitored weekly by a physician. At three

weeks the patient will undergo excisional biopsy of superficial inguinal lymph

nodes (without formal dissection) in the area draining the inoculation site

for growth of lymphocytes. If tumor grows at any of these sites they will be

excised when they reach 1 to 2 cm for growth of TIL. If no tumor growth is

evident then the sites of tumor injection will be excisionally biopsied at 8

weeks after injection for pathologic analysis.

6. Growth of lymphocytes: The procedures used here are the same as

those used in our previous protocols (40) involving the infusion of TIL (86-C-

183) and is taken virtually verbatim from that protocol.

At least two days prior to surgery, peripheral blood lymphocytes are

collected by leukapheresis for four hours. These are Ficoll-Hypaque separated

and the mononuclear cells collected from the interface, washed in saline, and

placed in culture in roller bottles at 106 cells/ml. Half are placed into

AIMV (a serum free medium, Gibco Laboratories) with 6000 IU/ml IL-2 (Cetus),

and half are placed into RPMI supplemented with 2% type-compatible human

serum, penicillin (unless the patient is allergic), gentamicin, and 6000 IU/ml

IL-2. After 3 to 4 days cells are centrifuged and the supernatants are

collected and filtered. These are referred to as LAK supernatants.

Immediately upon resection of tumor or lymph nodes, the specimen(s) is

transported to the laboratory in a sterile container and placed on a sterile

dissection board in a laminar flow hood. A small representative portion is

taken for pathologic analysis, and the rest is minced into pieces roughly 4 mm

in diameter. These are placed into an enzyme solution of collagenase, DNAse

type I, and hyaluronidase type V as previously described for overnight

digestion at room temperature. The resulting suspension is filtered through a

wire mesh to remove any large debris, washed in saline, and placed on Ficoll-

Hypaque gradients. The interface containing viable lymphocytes is collected

and washed in saline, and a portion is frozen for subsequent use as targets in

cytotoxicity assays.

Lymphocyte cultures are initiated at 5 x 10 3 ml viable cells in 80%
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fresh medium/20% LAK supernatant. For half the cells, the fresh medium is

AIMV supplemented with penicillin,, fungizone, and 6000 IU/ml IL-2; for the

other half, the fresh medium is RPHI supplemented with 10% human serum,

penicillin, streptomycin, gentamicin, fungizone, and 6000 IU/ml IL-2. The

cultures are placed into 6-well tissue culture dishes and incubated at 37< in

humidified incubators with 5% C02 . Cultures initiated from lymph nodes will

be cocultivated with cryopreserved tumor stimulation cells at an initial ratio

of at least 1:10 tumor cells to lymphocytes (but not more than 1:1) depending

on the availability of tumor cells.

Usually the lymphocyte density is not much increased at the end of seven

days in culture, and the cultures are collected, centrifuged, and resuspended

at 5 x 10 s total viable cells/ml in newly prepared 80%/20% medium mixtures of

the same type. Occasionally a culture will have increased lymphocyte density

and need medium replenishment prior to seven days. After this first passage,

lymphocytes are subcultured by dilution when the density is between 1.5 x 106

and 2.5 x 106 cells per ml; densities of subcultures are established between 3

x 10 s and 6 x 10 5 ml. Cultures are kept in 6-well dishes when the volume is

less than 1 liter, and transferred to 3 liter polyolefin bags (Fenwal) when

the volume reaches one liter. The subcultures from bags are accomplished with

Fluid Fill/Weigh Units (Fenwal), which are programmed to pump prescribed

weights of TIL culture and fresh medium into a new bag. When subculture

volumes exceed 3 liters, the fresh medium used is AIMV. Cultures growing in

serum-containing medium are thus diluted into AIMV, and no further LAK

supernatant is added to cultures growing in serum-containing or serum-free

medium.

If, during the growth of TIL, patients performance status has

deteriorated to 3 or greater or if they have developed significant cardiac

,

renal, pulmonary or hematologic dysfunction than they will be taken of f study

and will not receive the infusion of TIL or IL-2.

When the total lymphocytes for a patient are ready for harvest, 5 x 10 6

cells are taken for cytological examination. Cytospins are examined for the
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presence of remaining tumor. At least 200 cells are studied and therapy

proceeds only when no tumor cells are found. Other lymphocyte samples are

taken for characterization of cell surface markers and for assessment of

cytotoxicity using techniques identical to that in our previous protocol (86-

C-183; reference 23, attached). Briefly, lymphocytes are stained with

fluorescent-labeled antibodies (Leu2, Leu3, Leu4, Leu7, Leull, Leu5, Leu9,

LeuM3 , HLADDR and Tac). Chromium release assays are performed with K562,

Daudi autologous tumor, and allogeneic tumor targets.

To infuse the lymphocytes they will be thawed and grown for one to three

additional' weeks using the same procedures detailed above. For infusion TIL

are reharvested. At the time of cell collection, one liter of saline for

injection is pumped through the collection chamber and the centrifuge is

stopped. Lymphocytes are resuspended in the collection bag, the centrifuge is

started again, and another liter of saline is pumped through to fully wash the

free of tissue culture medium components. The cells are then filtered through

a platelet administration set into 600 ml transfer packs (Fenwal), and 50 ml

of 25% albumin and 450,000 IU of IL-2 are added to the 200 to 300 ml volume of

cells in saline. The TIL are infused over 30 to 60 minutes through a central

venous catheter.

7. Interleukin-2

:

The recombinant IL-2 used in this trial will be

provided by the Division of Cancer Treatment, National Cancer Institute

(supplied by the Cetus Corporation, Emeryville, CA) (28) and will be

administered exactly as specified in our previously approved protocols (86-C-

183c) (41). The IL-2 will be provided as a lyophilized powder and will be

reconstituted with 1.2 ml/vial. Each vial contains approximately 1.2 mg of

IL-2 (specific activity 18 x 106 IV/mg) . Less than 0.04 ng of endotoxin are

present per vial as measured by the limulus amebocyte assay. Each vial also

contains 5% mannitol and approximately 130-230 ug of sodium dodecyl sulfate/mg

of IL-2. Following reconstitution the IL-2 will be diluted in 50 ml of normal

saline containing 5% human serum albumin and will be infused intravenously at

a dose of 720,000 IU/kg over a 15 minute period every 8 hr, beginning from two
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to 24 hr after the TIL infusion. IL-2 will be given for up to five

consecutive days as tolerated. Under no circumstances will more than 15 doses

of IL-2 be administered. The same toxicity criteria will be used as in our

previous protocol (86-C-183c). Doses may be skipped depending on patient

tolerance. Doses will be skipped if patients reach grade III or grade IV

toxicity as detailed in Table 9. If this toxicity is easily reversed by

supportive measures then additional doses may be given.

8. Concomitant therapy; Patients may receive concomitant medications

to control the side effects of therapy (4,5). It is our plan to administer

the same concomitant medications used in all previous TIL protocols. These

include: acetaminophen (650 mg every 4 hours), indomethacin (50-75 mg every

six hours) and ranitidine (150 mg every 12 hours) throughout the course of

treatment. Patients may receive intravenous meperidine (25-50 mg) to

control chills when they occur, although chills are unusual after the first

one to two doses of IL-2. Hydroxyzine hydrochloride (25 mg every six hours)

is given to treat pruritis. Steroids will not be used in these patients

and if steroid are required, then the patient will immediately be taken

off protocol therapy.
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V. PATIENT EVALUATION

Parameters to be measured

Pre

Physical exam

History

Performance Status

Assess for Tumor Effect 1

Chemistry Survey2

Vital Signs

Weight

CBC, Diff/ Platelet

PT, PTT

FEV1 , ABGs

EKG

CXR

Cardiac Stress Test

U/A and Culture

Hb,Ag, HTLV III

Brain CT or MRI

Assess for adverse

events status

PCR on PBL to detect

NeoR gene

Tumor biopsy (if feasible)

Western blot

(4070A envelope)

Serum assay for TNF

During Therapy Week

Study Dl.p3.p5.D6 D15 D17 D19 D20 7

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

‘To include assessment of all sites of disease.

includes total bilirubin, SGOT, LDH, Alkaline Phosphatase, Creatinine, Bun,

CPK
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1 . Pretreatment (see Table on page 20).

a. Complete physical examination noting in detail the exact size and

location of any lesions that exist.

b. Complete chemistry survey including electrolytes, liver function

tests, calcium, magnesium, creatinine, BUN, CPK.

c. CBC differential count, PT, PTT, platelet count

d. Urine analysis and culture

e. Hepatitis screen

f. HIV titer

g. Pregnancy test if woman between the ages of 16 and 50

h. Chest x-ray

i. Electrocardiogram

j . Baseline x-rays and nuclear medicine scans to evaluate the status

of disease.

k. CT scan or MRI scan of brain

l. 45 ml of clotted blood for serum storage and 45 ml of anti-

coagulate blood for mononuclear cell cryopreservation. Selected patients may

undergo pretreatment lymphocytapheresis.

m. Biopsy of tumor, if possible with minimal morbidity

2. During treatment . Patients will have a complete blood count and

chemistry analysis panel at least every other day and a chest x-ray performed

each week during treatment.

During the infusion of the lymphocytes, patients will be monitored

closely in the Surgical Intensive Care Unit. Vital signs including blood

pressure, pulse, and respirations will be measured every 15 minutes during the

cell infusion and every 30 minutes for at least four hours or until the

patient is stable. A pulse oximeter will be used for on-line measurement of

oxygen saturation during and for the four hours after cell infusion as well.

If the systolic blood pressure drops below 80 mm/Hg, or the oxygen saturation

drops below 90% during the cell infusion, the cell infusion will be terminated

immediately.
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3. Post-treatment (see Table on page 20). Complete evaluation of

evaluable lesions with physical examination, biopsy, if feasible, and

appropriate x-rays and/or scans prior to each cell infusion cycle and at

approximately eight weeks after the end of treatment to evaluate response to

treatment

.

Western blot analysis of patient serum to determine possible exposure to

retrovirus envelope proteins will be performed at 7 to 8 weeks after

treatment

.

4. Criteria for response . Complete response is defined as the

disappearance of all clinical evidence of disease for at least four weeks.

Partial response is defined as the 50% or greater decrease of the sum of the

products of perpendicular diameters of all lesions lasting at least four weeks

with no increase in existing lesions or appearance of new lesions. Any

patient having less than a partial response is considered to be non-responsive

to treatment.

VI. POTENTIAL SIDE EFFECTS AND REPORTING OF ADVERSE REACTIONS .

1. Adverse drug reaction reporting will be performed in accord with NCI

current reporting requirements for Phase I studies as follows:

Report by telephone to IDB within 24 hours (301-496-7957, Available 24

hours)

.

a. All life threatening events (Grade 4) which may be due to drug

administration.

b. All fatal events.

c. The first occurrence of any previously unknown clinical

event (regardless of Grade)

.

Written report to following within 10 working days to:

Investigational Drug Branch

P.O. Box 30012

Bethesda, Maryland 20824

2 . Data will be submitted to CTMS at least once every two weeks.

The NCI/DCT Case Report of ACES will be used to report to CTMS. All adverse
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reactions should also be reported to the IRB.

3. Side effects of IL-2 . A variety of side effects have been associated

with IL-2 administration. We have had experience with the use of high-dose

IL-2 either alone or in combination with cells or other cytokines in 1,039

courses in 652 patients. A listing of the side effects and their incidence is

presented in Table 8.

TNF side effects including fever, chills, hypotension, oliguria, weight

loss, nausea, vomiting and malaise.

All side effects will be graded using the standard toxicity sheet used in

all prior IL-2 related protocols presented in Table 9.

4. Potential risks from injection of live tumor . These patients will

receive the injection of approximately 0.1 gram of tumor into the skin or

subcutaneous tissue of the anterior thigh. It should be emphasized that

patients in this protocol will have histologically confirmed cancer with

estimated tumor burdens of at least 10 grams or greater which is 50 times the

amount of the tumor cells used for these immunizations. Based on our

experimental data it is unlikely that these gene modified tumor cells will

grow. These sites will be carefully monitored, however, and if tumor growth

does occur then this site has been selected so that it could be widely excised

with minimum morbidity. A small chance does exist, however, that if this site

does grow that it might lead to spread of the injected tumor cells to draining

lymph nodes or other sites in the body. The patients included in this

protocol, however, will have metastatic cancer with limited life expectancy.

The spread of the injected tumor is considered unlikely and in this patient

population is unlikely to negatively influence the prognosis from their

disease.

If the gene modified tumor cells do grow and produce TNF, then patients

will be exposed to this systemic TNF. The maximum amount the TNF produced by

the transduced tumor lines is about 15 ng/106 cells/24 hrs. If the tumors

grow at all then they will be allowed to grow to a maximum of about 2 x 10 9

cells (or a 2 cm nodule) before they are excised. 2 x 109 cells will make
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about 30 ug of TNF for 24 hours. We and others have previously shown that 70

kg patients can tolerate approximately 600 ug TNF iv every 24 hours (8-

10/ug/kg). Thus for a 70 kg human, the amount of TNF being produced by these

gene modified cells would be about l/50th the amount of TNF already shown to

be well tolerated by patients. It should be emphasized, however, that it is

not expected that these tumor cells will grow based on experimental animal

models. Further, if patients do develop signs of toxicity due to TNF exposure

then it will be possible to excise the local nodules in the anterior thigh.

If tumor spreads from the local site, however, it may not be possible to

remove all erf the TNF producing tumor.

5. Risk from murine retrovirus . Exposure of the cancer patient to

retrovirus could theoretically pose a risk of insertional mutagenesis. It

should be emphasized, however, that careful tests will be conducted to assure

that the patient is not exposed to replication competent virus. The

retrovirus derived from the Moloney murine leukemia virus has been modified so

that it no longer contains any intact viral genes and thus cannot produce the

envelope proteins necessary to package its RNA into an intact infectious virus

(36,37,41,43,44). To assemble the retrovirus, a retrovirus packaging cell

line was used that contained a second defective retrovirus which expresses the

viral structural proteins. This packaging cell line does not produce

replication competent retrovirus because of multiple modifications made to the

second retrovirus that prevent its replication, including removal of signals

required for RNA encapsidation, reverse transcription, and integration (37).

Multiple assays will be performed on the final producer cell line, the

retroviral vector supernatant as well as on the TIL prior to infusion to

insure that no replication competent virus is present. These tests will

include S+L- assays including 3T3 amplification, PCR assays for the envelope

gene, and assays for reverse transcriptase (42,42). Any supernatants or TIL

with evidence of any replication competent virus will not be utilized. The

3T3 amplif ication and S+L- assays are thought to be capable of detecting a

single replication competent viral particle per ml (41).
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Prior safety studies have shown that exposure of primates to large

infusions of infectious murine amphotrophic virus produce no acute pathologic

effects (44). In a study of 21 primates receiving retroviral mediated gene-

modified autologous bone marrow cells no animal showed evidence of toxicity

related to the gene transfer as long as 5 years after infusion (45),

unpublished data)

.

It should be emphasized, however, that tumor will be transduced with the

retroviral vector supernatant and then the tumor will be washed extensively

and then grown for several weeks in the absence of supernatant. The tumor

will then be washed extensively again prior to reinfusion into the patient and

patients will thus not be exposed directly to the retroviral vector.

VII . Statistical Considerations.

Up to 14 patients with each type of cancer will be treated. If no

responses are seen in these first 14 patients no further patients with that

histologic type of cancer will be admitted to the protocol.
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MEDICAL RECORD ' CONSENT TO PARTICIPATE IN A CLINICAL RESEARCH STUDY
• Adult Patient or • Parent, for Minor Patient

INSTITUTE: NATIONAL CANCER INSTITUTE
•

STUDY NUMBER PRINCIPAL INVESTIGATOR: Steven A - Rosenberg, M.D., Ph.l

STUDY TITLE: IMMUNIZATION OF CANCER PATIENTS USING AUTOLOGOUS CANCER CELLS MODIFIED

BY INSERTION OF THE GENE FOR TUMOR NECROSIS FACTOR

INTRODUCTION

We Invite you (or your chi(d) to take part in a research study at the National Institutes'of Health. It is important that you

read and understand several general principles that apply to ail who take part in our studies: (a) taking part in the study

is entirely voluntary; (b) personal benefit may not resuit from taking part in the study, but knowledge may be gained that

will benefit others; (c) you may withdraw from the study at any time without penalty or loss of any benefits to which you

are otherwise entitled. The nature of the study, the risks, inconveniences, discomforts, and other pertinent information

about the study are discussed below. You are urged to discuss any questions you have about this study with the staff

members who explain it to you.

Nature of Study

The spread of your disease makes ineffective such standard therapies

as drugs, surgery and radiation. We are attempting to develop a procedure

that may help fight your type of cancer. The procedure that we are offering

you is highly experimental. The purpose of the study is - to attempt to

immunize you against your own cancer. It involves immunotherapy, using the

body's immune system to treat the cancer. In laboratory studies in mice we

have shown that tumors that have had the gene for a substance called tumor

necrosis factor (TNF) inserted are more readily recognized as foreign by the

immune system of the mouse and are rejected. These gene-modified tumor cells

can be used to immunize mice against their own cancers.

Earlier when your tumor was surgically removed, we grew a sample of it in

the laboratory in tissue culture. We inserted the gene for TNF into the cells

l

i|

i

.•ATIENT IDENTIFICATION CONSENT TO PARTICIPATE IN A CLINICAL

RESEARCH STUDY
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NIH 2514*1, Consent to Participate In A Clinical Research Study

NIH 2514-2, Minor Patient’s Assent to Participate In A Clinical Research Study

STUDY NUMBER: CONTINUATION: page_L_of _12_-pages.

of the tumor. The gene caused the cells of your tumor to produce TNF. We

propose to inject these gene-modified tumor cells in three sites in your

thigh, either in the skin or just below the skin. About three weeks later we

will remove the lymph nodes that drain the tumor-bearing area and use them to

grow immune cells called lymphocytes which will later be given back to you as

part of your immunotherapy. We will carefully observe the site of the tumor

injection. If the tumor grows, we will remove it, attempt to grow immune

lymphocytes from it, and if successful, use them in your treatment. If no

tumor grows, the site will be surgically excised at about eight weeks after

the injection. If we return lymphocytes to you for your treatment, you will

also receive interleukin-2 (IL-2), a protein normally made by the body's

immune system that can help the immune cells destroy your tumor. We cannot

predict whether this approach will be of benefit to you in any way. It is a

highly experimental technique. We are attempting to learn if it is of benefit

in the treatment of patients with cancer.

Procedures

Before receiving any drug therapy you will have a number tests to make

sure you qualify for the study. The tests will be done on an in—patient or

out-patient basis and may include the following: 1) x-rays of the brain,

chest and abdomen; 2) blood tests; 3) testing your blood for the antibodies to

human immunodeficiency virus (HIV) the virus that causes AIDS. If you are

found to have these antibodies, you may not participate in this study. If you

do qualify, you will undergo a series of procedures as part of the treatment.

The first step will be the injection of the gene—modified tissue—cultured

PATIENT IDENTIFICATION CONTINUATION SHEET for either:
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tumor into three sites in your thigh. The tumor cells will be injected either

into the skin or underneath the skin at three separate sites. The injections

will be done with a standard needle and syringe and will be marked with

tattooed dots. We will observe these sites carefully and have them inspected

at least once a week.

If any tumor grows at these sites, we will allow it to grow until it

reaches a size of about one-half inch. The site where the tumor was injected

in the thigh will be surgically removed. The operation will probably be done

under local anesthesia but may require general anesthesia. An incision

several inches long will be necessary to do this and this can lead to

bleeding, infection and possibly swelling in the leg. Lymphocytes will be

grown from any tumor found. It is possible that we will not be able to grow

lymphocytes from this tumor deposit. The best chance for growing lymphocytes

is in media already partly used by lymphocytes. We will make this media using

lymphocytes taken from your vein blood by a procedure called apheresis. The

lymphocytes are removed by a machine to which you are connected with two

venous catheters (thin plastic tubes); the liquid part of the blood (plasma)

and the red blood cells are returned to your veins. The procedure typically

takes a few hours and rarely has any side effects.

If by three weeks no tumor has grown at the site of the injection, we

will make a small incision in the groin and remove several lymph nodes from

this area. This can usually be done under local anesthesia. We will attempt

to grow these lymphocytes in culture for use in your treatment although it is

possible that they will not grow.

[
84]
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If the lymphocytes from either the tumor site or from the draining lymph

nodes do grow sufficiently, they will be transfused back into you along with

IL-2, a protein normally made by the body's immune system. You will receive

the IL-2 every eight hours until the maximum safe amount has been given.

After approximately one week of recovery, a repeat treatment will be given

using cells left over from the first week of treatment (if available) and more

IL-2 . It should be emphasized that the IL-2, the gene-modified tumor cells

and the TIL are all investigational agents. Approximately five weeks after

that the effect's of the treatment on your tumor will be measured by

examination and x-rays. The treatment may be repeated if frozen lymphocytes

are available or additional sites of tumor can be removed and new lymphocytes

grown. To give you the cells and IL-2 we will place a catheter in a vein in

your upper chest wall or your neck. This catheter will be used to give the

lymphocytes and can remain in place for the duration of your therapy.

Placement of these catheters may be performed in the Surgical Intensive Care

Unit. It is remotely possible that we might cause a small hole in the lung as

we insert the catheter. This may require putting a tube in the chest for

several days. The catheter may become infected. Appropriate treatment will

be given if this occurs.

Interleukin-2

.

Interleukin-2 can cause side effects that include weight gain due to

retention of as much as 20 lbs of fluid over the course of a week. The weight

gain can cause your arms and legs to swell and fluid to accumulate in the

lungs. This can cause shortness of breath and may require placement of a tube
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in your windpipe (trachea) to allow mechanical breathing (breathing assisted

by a machine). This would require transfer to the Surgical Intensive Care

Unit. Less serious shortness of breath is common, and you may require oxygen

delivered by a face mask during some portion of this treatment. Other side

effects include fever and chills, which generally can be eliminated by

appropriate medication. You also might develop nausea, diarrhea, a skin

reaction with itching, nasal congestion, and abnormalities in kidney and liver

function. Mental changes ranging from confusion and forgetfulness to

disorientation have occasionally been observed. Other possible side effects

include fatigue and mouth dryness. Your blood counts may drop to the point

where you need red blood cell or platelet transfusions. Heart problems can

occur, including irregular heart beat, low blood pressure, and heart attack.

Some patients have developed a hole in their colon, resulting in abdominal

inflammation and infection that required correction by surgery. In previous

studies many of these side effects such as the weight gain, nausea, diarrhea

and liver and kidney dysfunction disappeared or were alleviated after stopping

the IL-2 administration. Other unknown side effects may occur. It is very

unlikely, though possible, that this treatment could kill you.

Immune lymphocytes

The administration of the lymphocytes may cause fever, chills, and

shortness of breath. Based on our previous experience, these side effects are

expected and should only last a few hours. Because these lymphocytes are

grown from your tumor, it is possible that the lymphocytes returned to you may

contain tumor cells. T

PATENT IOCfnPCATION

[
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examine the lymphocytes that you are to be given to decrease the chance of

this occurrence.

Although administration of immune lymphocytes can shrink tumors in some

patients, many patients do not respond to the procedure and even those that

exhibit shrinkage may show regrowth of the tumor after a short period of time

(months )

.

Tumor Necrosis Factor

Recent scientific advances have made it possible to modify the genetic

makeup of tumors so that they can stimulate a greater response by the immune

system. The scientific advance is called "retroviral-mediated gene transfer"

and allows us to insert a gene into some of your tumor cells, stimulating them

to produce a hormone called tumor necrosis factor (TNF) . This hormone is

naturally produced in the body in small amounts. The cells we give you may,

however, produce too much TNF throughout the body. TNF is thought to play a

role in body defenses against cancer. Giving too much TNF may be dangerous

and may cause life-threatening low blood pressure. TNF can also cause fever,

chills, low urine output, weight loss, nausea, vomiting and fatigue. We have

inserted into your tumor, by a special laboratory technique, not only the

human gene for TNF but a second gene taken from a bacterium that causes the

tumor cells to be resistant to an antibiotic, neomycin. A gene is a part of a

chromosome (hereditary material) that contains the information a cell needs to

make proteins.

The following procedure was used to insert these genes into your tumor.

The tumor cells were attached to mouse virus genetic material that has the
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capacity to act as a carrier of foreign genes from one cell to another taking

the two genes with it. These tumor cells are then grown in the laboratory in

large numbers. Special tests are performed on these cells to determine that

they contain the new genes and that TNF is being produced.

There are some potential risks to this procedure. First, even though the

mouse virus used to insert the gene into your lymphocytes cannot grow and is

considered harmless to you, it is possible that events could occur within the

cell that allow the virus to grow. To minimize this possibility, the gene-

marked tumor cells will be tested and if any virus is found, the cells will be

discarded. Second, the inserted gene produces a protein that inactivates

certain antibiotics. These antibiotics are not commonly used to treat

infections in humans, and many other antibiotics are available that will not

be inactivated and would be effective in treating bacterial infections.

We emphasize that this procedure, called retroviral-mediated gene transfer,

has been used before only in a very few human patients. Because this

procedure is relatively new, it is possible that despite our extensive

efforts, other unforeseen problems may occur including the very remote

possibility of death.

You will undergo biopsy of tumor and other tissue, if available, on

several occasions before and after the tumor infiltrating lymphocytes (TIL)

from either the tumor or local lymph nodes are given . A maximum of five

biopsies of lesions in or under the skin may be performed. The biopsies are

done under local anesthesia and are associated with minor discomfort lasting

about 24 hours. Blood and tissue specimens will be taken where possible to

[
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follow the life span and function of the marked cells.

This clinical procedure has attracted a great deal of attention from the

lay media. We will make every effort to protect the confidentiality of you

and your family. However, because of this media interest there is a greater

risk than usual that information concerning you and your treatment will appear

publicly without your consent. A qualified representative of the manufacturer

of IL-2 may have access to the patient and study records on this protocol.

The injection of live tumor cells back into you is unusual and highly

experimental. Although any tumor appearing in the thigh can likely be

controlled by surgical removal (or possibly by adding radiation therapy) these

measures could fail resulting in progressive tumor in the thigh. It is also

possible that this tumor may spread from this site and produce TNF at other

sites and that we may not be able to control this. We do emphasize, however,

that the amount of tumor that we are injecting into you is less than l/50th of

the total amount of tumor we estimate is already in your body. It is however

possible that you may suffer injury or disability such as pain, bleeding or

infection from the tumor injected into the skin of the thigh.

Possible Benefits For Participants

We cannot predict whether this new procedure will be of benefit to you.

In past lymphocyte transfer studies, some tumor shrinkage was observed in some

individuals but not in others. Even those tumors that exhibit shrinkage may

show regrowth of the tumor after a short period of time (months) . At this

stage in your illness, tumor shrinkage may be associated with prolongation of

life.
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Alternative Treatments

There are no known curative treatments for patients with your disease.

You could also consider receiving other experimental treatments such as

experimental chemotherapy. The option also exists to receive no treatment at

this time.

Follow-Up

After you receive each cycle of this procedure you will be discharged

from the hospital. At about five weeks after the last treatment you will be

required to return to the NIH for follow-up studies. Tests used to decide if

your tumor has responded to the procedure will be similar to those you had

before beginning the therapy.

When you have completed your participation in this study, you will be

eligible to be considered for participation in other research protocols at the

National Cancer Institute and you will receive care as indicated by your

disease or you will be referred elsewhere for care.

As this is a new procedure, side effects that may cause your condition to

deteriorate may be encountered. You will be watched closely for any side

effects

.

You are free to withdraw your consent to participate in this study at the

National Cancer Institute and seek care from any physician at any time. If

you withdraw from the study after the injection of the gene-modified tumor

cel ls but before the surgical excision of the injection site, then we would be

wxlling to immediately resect the injection site or observe the injection site

mnnfhiy i ntervals and resect the site if tumor appears.
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If you have any questions concerning issue of patients rights you can

contact Ms. Betty Schwerinq , phone # (301) 496-2626 , in the Clinical Center,

NIH.

i

I

I

'

I

I
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As part of your participation in this study, it will be necessary to test your blood for the presence cf

antibodies to the Human Immunodeficiency Virus (HIV), the virus that causes Acquired Immune
Deficiency Syndrome (AIDS). In order to perform the test, a small amount of blood (approximately 2

teaspoons) will be withdrawn from one of your arms with a needle. You may experience some slight

discomfort at the needle entry site and there may be some bruising. In addition, there is a very small

risk of your fainting or of infection at the needle entry site. If your test results are found to be

positive,
#
or if you are otherwise diagnosed as having AIDS, you should be aware of the following

Clinical Center HIV Testing Policy:

1. Your physician will notify you promptly of the HIV test results.

2. Your physician and/or the Clinical CenteT HIV counselor will offer you, and any current and/or

ongoing sexual partner(s) (spouses are generally considered to be current or ongoing sexuai

partners) or needle-sharing partner(s) you identify, information on the meaning of the test

results and how to prevent the spread of the infection.

3.

4.

Because the virus may be transmitted in several ways, it is important that you inform sexual

and/or needle-sharing partner(s) that any, or all, of them may have been exposed to the HIV

virus and encourage them to be tested. If you request it, staff at the Clinical Center will assist

you in notifying your partner(s) and arrange counseling for them through an HIV counselor.

The results of your HIV test and/or documentation of the diagnosis of AIDS will become a

part of your Clinical Center medical record and, as such, will be protected from unauthorized

disclosure by the Federal Privacy Act of 1974. In general, access to your medical record will

be restricted to those health care professionals directly involved in your care or in the

conduct of ongoing biomedical research, and information is not usually released to other third

parties without your permission or that of your designated representative. However, there are

some particular routine uses of such information of which you should be aware.

a. If you are unwilling or unable to notify your partner(s), the Clinical Center is responsible for

attempting to contact and inform them of their possible exposure to the virus. Reasonable

attempts will be made to protect your identity including withholding your name when
notifying any partners) of their possible exposure. Some notification or counseling of

current and/or ongoing partners may be carried out through arrangements with, or referral

to, local public health agencies.

b. A summary of your care at the Clinical Center will be sent to the physician who referred

you here for treatment.

c. The Clinical Center may report certain communicable diseases, including AIDS, to

appropriate State and Federal government agencies. 5

If you have any questions regarding the HIV testing or the information provided above, you are

^couraged to discuss them with your physician and/or a Clinical Center HIV counselor (496-8955).

utient Identification INCLUSION OF HIV TESTING IN CONSENT TO
PARTICIPATE IN A CLINICAL RESEARCH STUDY
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• Adult Patient or • Parent, for Minor Patient

continuation:
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STUDY NUMBER:

OTHER PERTINENT INFORMATION

1 . Confidentiality. When results of a study such as this are reported in medical journals or at meetings, the identificat

of those taking part is withheld. Medical records of Clinical Center patients are maintained according to current le

requirements, and are made available for review, as required by the Food and Drug Administration or other authori:

users, only unaer the guidelines established by the Federal Privacy Act.

2. Policy Regarding Research-Related Injuries. The Clinical Center will provide short-term medical care for any phys
injury resulting from your participation in research here. Neither the Clinical Center nor the Federal government"
provide long-term medical care or financial compensation for such injuries, except as may be provided through whate
remedies are normally available under law. _ _

3. Payments. If you are a patient, you are not paid for taking part in NIH studies. Exceptions for volunteers will

guided by Clinical Center policies.

.

4. Problems or Questions. Should any problem or question arise with regard to this study, with regard to your rig

as a participant in clinical research, or with regard to any research-related injury, you should contact the princi

investigator, Ur. Steven Rosenberg
, or these other staff members also involved in this stu

; ;

Building 10
,
Room 2B42 Telephone: (301) 496-4164

National Institutes of Health

Bethesda, Maryland 20205

5. Consent Document. It is suggested that you retain a copy of this document for your later reference and perso

records.

COMPLETE APPROPRIATE ITEM BELOW, A or B:

A. Adult Patient's Consent.
1 have read the explanation about this study and
have been given the opportunity to discuss it and
to ask questions. 1 hereby consent to take part in

this study.

B. Parent’s Permission for Minor Patient.

1 have read the explanation about this study ;

have been given the opportunity to discuss it ;

to ask questions. 1 hereby give permission for

child to take part in this study.

(Attach NIH 2514-2, Minor’s Assent, if applicabl

Signature ol Aauii Patient & Date S^gneo Signature ol Parent(s) & Date Signea

(if other than parent, specify relationship)

Signature ol Investigator & Date Signea Signature of Witness & Oate Signed

PATIENT IDENTIFICATION CONSENT TO PARTICIPATE IN A CLINICAL
RESEARCH STUDY
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APPENDIX C

ABSTRACT OF PROTOCOL

This protocol is a study of patients with advanced cancer who have failed

standard therapy. In an attempt to increase the patient's immune response to the

tumor, the tumor necrosis factor gene will be introduced into a tumor cell line

established from the patient. These gene-modified autologous tumor cells will then

be injected into the thigh of the patient. This injection will augment the immune
responses of the patient because a subcutaneous location will be utilized as well as

the immune stimulatory effects of the TNF secreted by the gene modified tumor cells.

To further utilize the immune system of the patient to fight their tumor, stimulated

lymphocytes will be cultured from either the draining lymph nodes or the injected

tumor itself. These lymphocytes will be expanded in vitro and given intravenously to

the patient along with IL-2 in a manner similar to current tumor infiltrating lymphocyte

clinical protocols. Animal models have shown both the injection of gene modified

tumor cells and the derived stimulated lymphocytes to have important antitumor

effects.

The patients will be evaluated for antitumor effects engendered by the injection

of the gene modified tumor cells themselves as well as after the infusion of the

cultured lymphocytes. The injection of gene modified tumor cells may serve to

"immunize" the patient to their tumor and may be amenable to use in a wide variety

of tumor types, especially those that are poorly immunogenic. This protocol may also

increase the effectiveness of adoptive immunotherapy as well as expand the use of

cultured lymphocytes to other malignancies not currently amenable to TIL therapy.
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APPENDIX D

NONTECHNICAL ABSTRACT OF PROTOCOL

Many patients have advanced cancer that has not responded to standard

therapies. For these patients, a new approach to treat their cancer (tumor) will be

tested. Animal studies have been done using cancer cells into which a cancer fighting

gene has been placed. When these modified cancer cells are returned to the animal

the animal can fight the cancer cells better. The returning of the gene modified cancer

cells can be helpful in fighting the cancer cells in several ways. '

1 . Injecting tumor cells under the skin has shown to increase the responses of the

animal's white cells in fighting the tumor cells.

2. Before returning the cancer cells, they can be made to release a potent white

cell activating factor (tumor necrosis factor) by placing the gene for tumor
necrosis factor into the tumor cells. If these gene modified cancer cells are

used, the release of tumor necrosis factor (necrosis means death) by the cancer

cells further increases the ability of the animal's white cells to fight the cancer

cells by activating these white cells.

3. In addition, it is possible to remove the activated white cells from the animal.

These activated white cells can be grown up in the presence of interleukin-2 to

very large numbers in the laboratory. If this large number of activated white

cells grown in the laboratory is returned to the animal along with more
interleukin-2, they also help fight the cancer cells in the animal.

If all three parts are used together, an animal that would die from its cancer can now
kill its cancer cells and live.

This protocol is designed to copy the results obtained with the animals.

Patients with cancer who have not responded to therapy will have a piece of their

cancer cut out and brought to the laboratory. In the laboratory the Cancer cells will

be grown. The tumor necrosis factor gene will be put into the patient's cancer cells.

The patient's cancer cells are now producing tumor necrosis factor and are grown in

the laboratory. These cancer cells are then injected under the skin of the patient, in

a few weeks white cells are removed from the area of injected cancer cells and grown
to large numbers in the laboratory in the presence of interleukin-2. These cells along

with interleukin-2 are then given to the patient. During this time and afterwards the

patient is watched for signs that the therapy may be helping destroy their cancer.

Since this therapy is new, it is not known how well it will work in people. The
patients will also be watched for possible harmful effects from the therapy. After

many patients with many different kinds of cancer have this new therapy, the doctors

will be able to tell how safe this new therapy is and how well it works.
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Precis: When tumor is resected from patients as part of the natural course of their

treatment, an attempt will be made to establish a tissue culture line of the tumor.

The gene coding for interleukin-2 will be introduced into these tumor cells and the

integration and expression of this gene will be tested. Patients will become eligible

for this study only if they develop metastatic cancer that has failed all standard

effective treatment and have no other effective treatment options available to them.

Tumor cells will be injected intradermally and subcutaneously into the thigh of these

patients. The amount of tumor injected will be less than l/50th the total tumor burder

of that patient. In previous studies we have shown that these gene modified tumor cells

are more immunogenic than the native unaltered tumor. Attempts will then be made to

grow immune lymphocytes either from the tumor site or from the draining lymph nodes of
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these patients in order to use these lymphocytes for adoptive immunotherapy as

detailed in previous protocols. The direct effect of the immunization with these

immunogenic tumor cells will also be measured by assessing the impact on established

tumor at other sites. Fifty patients receiving tumor inoculation will be included in

this study.

I

i
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I. OBJECTIVES

To evaluate the possible therapeutic efficacy of the injection of

autologous cancer cells modified by insertion of the gene for interleukin-2

into patients with advanced cancer.

II. INTRODUCTION AND RATIONALE

1. Cell transfer therapy using TIL . Research in the Surgery Branch,

NCI has been directed toward developing new immunotherapies for the treatment

of patients with cancer (1-5). Based on extensive animal experimentation we

developed treatment approaches using the administration of high dose

interleukin-2 (IL-2) alone or in conjunction with the adoptive transfer of

lymphokine activated killer (LAK) cells in patients with advanced cancer (1).

We have now treated 178 patients using LAK cells in conjunction with IL-2 and

136 patients with high dose IL-2 alone (3). The results of the treatment of

these 314 patients are shown in Table 1 and Table 2. These studies have

demonstrated that the administration of high dose IL-2, either alone or in

conjunction with LAK cells can result in the regression of advanced cancer in

some patients. Approximately 10% of patients with metastatic renal cell

cancer and melanoma will undergo a complete regression of cancer following

treatment with LAK cells and IL-2 and an additional 10-25% of patients will

undergo an objective partial remission.

In an attempt to improve upon these results, we identified and

characterized a more potent type of killer cell called the tumor infiltrating

lymphocyte (TIL) (6). These cells are cytolytic T lymphocytes. In both mice

and human, TIL can develop the ability to specifically lyse the syngeneic or

autologous tumor and not normal cells or allogeneic tumors (7,8). We

demonstrated that TIL were from 50-100 times more potent on a per cell basis

than were LAK cells in mediating the regression of established cancer in

several murine tumor models (6). These animal experiments led to clinical

trials of the use of TIL in humans (5). The results of the treatment of 50

patients with metastatic malignant melanoma are shown in Table 3. Thirty-
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eight percent of melanoma patients underwent an objective regression of their

cancer, however, the duration of responses has been variable and in many cases

this response has been of short duration.

Extensive studies have been performed in the Surgery Branch, NCI to

study the characteristics of human TIL and the mechanism of action of these

cells in patients (9). In an attempt to study the traffic of TIL following

cell infusion, 19 infusions of TIL labelled with Indium-111 were given to 18

patients and the distribution of these cells assessed using gamma camera

imaging and sequential biopsies (10). Clear tumor localization of TIL was

seen on 13 of 18 nuclear scan series and sequential biopsy data confirmed the

homing of TIL to tumor deposits. These findings raised the possibility that

TIL might be used as vehicles to deliver, to the tumor site, molecules that

might enhance the antitumor activity of the TIL transfer.

To further study the distribution and survival of TIL we have performed

studies of the retroviral transduction of the gene coding for neomycin

resistance into TIL (11) and the subsequent infusion of these TIL into 10

autologous patients with advanced cancer (12). Extensive studies have been

conducted on the first five patients and they are presented in Tables 4 and 5

and Figure 1. No toxicities of any kind could be attributed to the gene

modification of the TIL. The expected toxicities associated with the

concomitant administration of IL-2 were seen. Patients received up to 1.45 x

10 n gene transduced TIL populations. The percent of cells transduced in these

populations varied between one and 11%. In all cases, integration and

expression of the NeoR gene was demonstrated. As shown in Figure 1, gene

modified TIL could be detected at tumor deposits as long as 64 days after gene

transduction.

All safety studies performed in these patients showed no evidence of

exposure to replication competent virus. 3T3 amplification and S+/L- assays

revealed no replication competent virus present in the TIL at the time they

were infused. Polymerase chain reaction analysis for the viral envelope gene

and reverse transcriptase assay of the gene-modified TIL culture were also

[106] Recombinant DNA Research, Volume 15



negative. Western blot analyses of patient serum at various times after cell

administration were all negative for evidence of exposure to virus as well.

These studies demonstrated that gene modification of the TIL could be

performed and that these TIL could be infused with no exposure of the patient

to a replication competent virus. These studies provided us with valuable

experience to perform subsequent studies of TIL modified with the gene for

tumor necrosis factor (TNF) . These studies began on January 29, 1991 and thus

far two patients have been treated with escalating doses of TIL transduced

with the gene for TNF. Thus far no side effects have been seen in these two

patients.

2 . Interleukin-2

.

Interleukin-2 (IL-2) is an immune mediator with a variety of immune

modulatory effects both in vitro and in vivo (13-19). The injection of IL-2

can mediate antitumor responses against established tumors in both the mouse

and against established human tumors as demonstrated in our own and other

clinical trials (see Table 3). A major activity of IL-2 is the provision of

"helper" function by mediating the in vitro and in vivo expansion of

immunoreactive cells bearing IL-2 receptors as a result of antigen activation.

In an attempt to stimulate the immunogenicity of tumor cells when

injected in vivo, Fearon et al. transfected the IL-2 gene into a poorly

immunogenic carcinogen induced murine tumor, CT26 (20) . Whereas the

unmodified parental tumor was highly tumorigenic the insertion of the IL-2

gene into these tumor cells, and the resultant secretion of IL-2, eliminated

the ability of these cells to form tumors following subcutaneous injection.

BALB/c mice were capable of rejecting three to four orders of magnitude

greater number of IL-2 transfected cells then the unmodified parental tumor

cells. The immunologic nature of this tumor rejection was demonstrated by

showing that the elimination of CD 8 positive cells in vivo resulted in the

successful growth of these IL-2 transfected tumor cells. Further, the

injection of these IL-2 transfected cells completely protected mice against a

challenge two weeks later against the parental tumor. However, this immunity

Recombinant DNA Research, Volume 15 [107]



did not appear to be long lived since by four weeks after immunization

approximately 50% of mice developed tumors. This tumor immunization appeared

to be tumor specific in that other syngeneic tumors grew normally when

injected into these immunized mice. Of particular interest to the current

clinical protocol was the demonstration that the injection of IL-2 transfected

tumor cells could result in the generation of systemic cytolytic T cells

directed against the parental tumor line. The subcutaneous injection of

cultured unmodified tumor cells was not capable of eliciting detectable

cytolytic T cell activity even after secondary in vitro stimulation. Fearon et

al. also demonstrated the increased immunogenicity of a syngeneic murine

melanoma transduced with the IL-2 gene. It thus appeared from this work that

the expression of an IL-2 gene and of the subsequent secretion of IL-2 by

these syngeneic tumors resulted in a substantial increase in their

immunogenicity and their ability to immunize animals against parental tumor

antigens

.

The expression of IL-2 genes by tumors was further studied by

Gansbacher, et al. who used retroviral vectors to insert the IL-2 gene into a

weakly immunogenic mouse fibrosarcoma line (21). The secretion of IL-2 from

the tumor cells again abrogated their tumorigenicity and induced a long

lasting immunity against a challenge with the unmodified parental fibrosarcoma

cancer cells. These workers also demonstrated that injection of these IL-2

producing cells produced persistently high levels of tumor specific T cell

mediated cytolytic activity for over two months. Thus these workers also

demonstrated that IL-2 secretion by tumor cells was associated with a

substantial increase in immunogenicity of syngeneic murine tumors with the

generation of cytolytic T cells directed against these tumors.

We have confirmed, in our own laboratory, that the retroviral mediated

transduction of the IL-2 gene into murine tumors substantially increases their

immunogenicity. Introduction of the IL-2 gene into the immunogenic MCA-205

sarcoma substantially reduced its ability to form tumors in syngeneic mice in

accord with results of the other investigator discussed above. This
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abrogation of tumorigenic activity was eliminated when mice were immuno-

suppressed by irradiation. We have now extended these results to the very-

poorly immunogenic MCA-102 tumor. We have been unable to generate in vivo

immunity against this tumor despite many attempts. Using retroviral vectors

the IL-2 gene was transduced into the MCA-102 tumor and clones of IL-2

producing MCA-102 tumor were developed. IL-2 production was stable for over

three months (Fig. 2). The introduction and expression of the IL-2 gene into

these tumors abrogated their ability to generate subcutaneous tumors in

syngeneic mice and could also cause the reduction in growth of nontransduced

tumor at the same site (Fig. 3). The immunologic nature of this immune

reaction was demonstrated by showing that IL-2 transduced tumors could grow in

irradiated mice or in mice that were depleted of CD8+ cells. It thus appears

that in syngeneic mice the injection of IL-2 modified tumor cells could induce

an immunity sufficient to cause the spontaneous regression of these IL-2 gene

modified tumor cells as well as normal tumor cells mixed at the same site.

In this proposal we plan to take advantage of the increased

immunogenicity of these IL-2 producing tumors to attempt to immunize patients

with advanced and otherwise untreatable metastatic cancer. These tumor cells

will be injected subcutaneously and intradermally into the thigh in an area

that can be followed easily in an attempt to both immunize the patient against

their cancer as well as to provide local immunization that could be used to

grow lymphocytes for use in adoptive therapy. Lymphocytes will be obtained

either from the draining inguinal lymph node group or from the tumor site

itself.

In addition to the increased immunogenicity of the gene modified tumor,

recent work in the Surgery Branch has suggested that the subcutaneous

injection of tumor can lead to the development of more effective tumor

infiltrating lymphocytes. In 12 successive experiments, TIL grown from

visceral sites were simultaneously tested by careful in vivo titration against

TIL from tumor injected into the cutaneous site. In 11 of 12 experiments, TIL

from the subcutaneous location were more effective than those at visceral
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sites (see Table 6). In three other experiments, TIL from murine tumors in

the liver were less effective than TIL from cutaneous sites.

In the human, other workers have shown that small cutaneous tumor auto

inoculations can provoke significant immune responses. Hoover and Hanna have

published work in which colorectal cancers from primary sites were irradiated

and utilized for autologous immunization of patients in the adjuvant setting

(22). Patients with Dukes B2 and C tumors demonstrated improved overall

survival in a randomized study, presumably due to an effective immune response

to the immunization. In addition, Berg and Mastrangelo have investigated the

immunization of melanoma patients with irradiated autologous tumor, and have

demonstrated the induction of significant T-cell infiltrates in tumors as well

as rare clinical responses in patients with metastatic disease (23,24). These

studies generally utilized irradiated tumor cell inoculation and therefore

result in no tumor for the generation of TIL. The presence of tumor is vital

for generating optimal TIL in that T-cells separated from fresh tumors will

grow in vitro with IL-2 but will show decreased in vivo efficacy if not re-

exposed to tumor in culture (presumably due to the requirement of cultured T-

cells for antigen exposure) (25) . Furthermore, irradiated or non-viable tumor

and tumor extracts produce immune responses in animals that are typically

inferior to the responses to viable tumor (26). Therefore the injection of

small amounts of viable tumor at a cutaneous site might not only result in

tumor for TIL production, but also generate an immune response superior to

that demonstrated using irradiated or non-viable tumor. This immune response

may not only be seen at the tumor site, but pre-clinical models show that T-

cells can be recovered in lymph nodes draining the site of tumor inoculation,

which can be expanded in culture and show in vivo anti-tumor activity. This

aspect of the cellular immune response to tumor immunization will be discussed

later in the protocol.

Because tumor growth at the transplant site is necessary for TIL

production, it is important to know if that will occur and what are the

potential risks involved. Southam and Brunschwig inoculated a series of
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patients with a variety of metastatic cancers with their own resected tumors

in graded doses (27,28). This revealed that the majority of patients could

grow tumors at these inoculation sites if an adequate inoculum was

administered. These were all patients with widely metastatic disease or

unresectable advanced cancers and no impact from the inoculations on their

overall clinical course was identified. For patients with widely metastatic

cancer, a very small local cutaneous tumor inoculation (representing a

fraction of their progressive metastatic disease) and subsequent resection of

any growing tumor, is unlikely to significantly accelerate the course of their

systemic disease. In support of this, one can cite the extreme case of tumor

auto-inoculation which occurs when large numbers of malignant cells are

intravenously infused as a result of peritoneal-venous shunting to palliate

malignant ascites. Multiple clinical and post-mortem studies fail to show

significant decreases in survival or alterations in the pattern of metastatic

disease in shunted versus non-shunted patients (29-31). Such shunted patients

can develop microscopic metastatic implantation, but these studies show that

these implants fail to reach a significant size prior to the patient's death

from their pre-existing known metastatic disease. Certainly the cells which

might escape from a small, cutaneously-implanted tumor site into the systemic

circulation (if this occurs at all), would be far less than that from the

intravenous auto-inoculation which occurs on a daily basis in these shunted

patients or in any patient with widely metastatic cancer.

Thus, data suggests that auto-inoculation of a small amount of viable

tumor at an isolated cutaneous site will often generate tumors for TIL growth,

but that in the setting of widely metastatic cancer, such an approach is

unlikely to significantly affect survival or the disease course of such

patients. In the experiments in this protocol, however, the introduction of

the IL-2 gene into tumor is designed to increase the immunogenicity of the

tumor (as reviewed earlier) and will prevent tumor growth in most cases. The

use of draining lymph node lymphocytes can thus provide a source of cells for

use in adoptive immunotherapy of these patients.
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Shu et al. have published data in murine models showing that draining

lymph node lymphocytes (DLNL) from sites of tumor immunization can be

sensitized in vitro (by mixed tumor-lymphocyte culture) and expanded in IL-2

(32-34). These cells can then be adoptively transferred to tumor-bearing mice

and show antitumor activity (Table 7). Many of the features of these cells

are similar to TIL (such as phenotype and tumor specificity patterns) although

they have a lesser capability to expand in vitro and may be somewhat less

effective on a cell-for-cell basis (25,35). These cultured draining lymph

node cells are currently undergoing Phase I testing by Dr. Alfred Chang at the

University of Michigan. In order to provide patients undergoing tumor

immunization with a treatment alternative in the event of failure of the

primary TIL culture, at the time of resection of inoculation sites (or at

three weeks after inoculation if no tumor growth is apparent), draining lymph

nodes will be excisionally biopsied to prepare an alternative T-cell culture

for adoptive transfer. This will be performed with sensitization using

autologous cryopreserved tumor (from the original source used for inoculation)

and IL-2 . These lymph node lymphocytes will be given with systemic IL-2

exactly as intended for TIL.

III. PATIENT ELIGIBILITY

The eligibility of patients for whom cell lines will be established and

who will be offered the treatment portions of this protocol are the same and

are listed below:

1. Patients, age 18 or older, must have histologically confirmed

metastatic cancer for which standard curative or palliative measures do not

exist or are no longer effective. These patients have expected survivals of

six months or less.

2. The estimated tumor burden of the patient must be at least 10

grams which is 50 times the weight of tumor cells used for the immunization.

3. Women of child bearing potential must have a negative pregnancy

test.

4. Patients must have a negative HIV test.
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5. Patients must have a performance status less than 2 and must be free

of active systemic infections and other major medical illnesses of the

cardiovascular and respiratory systems. They should have the following

laboratory values:

a. white blood cell count greater than 3000/mm3

b. platelet count greater than 150,000/mm3

c. bilirubin less than 1.7 mg/dl

d. creatinine less than 1.7 mg/dl

6. Patients requiring steroid therapy will be excluded.

7 . Patients who have received therapy with cytotoxic agents, steroids,

other biologies, or radiotherapy in the 4 weeks prior to cell inoculation will

be excluded .

IV. TREATMENT PLAN

1. Summary

.

Tissue culture lines will be established from resected

tumors during the course of normal patient treatment. The gene for

IL-2 will be inserted into these tumor cells using either retroviral mediated

gene transduction or by trancf ection te chniques using ca-i-c ium phosphate or

-microin

j

action-. Patients that develop advanced untreatable metastatic cancer

find have failed all other effective treatments will be offered the possibility

of joining this protocol. After signing an informed consent the patients will

be registered in the protocol and will receive the injection of the gene

modified tumor cells into the mid thigh. Up to 2 x 10 s gene modified tumor

cells will be injected in 1 ml subcutaneously and three centimeters lateral or

vertical from this site the patient will receive two intradermal injections of

2 x 107 gene modified tumor cells in 0.1 ml each. These sites will then be

carefully monitored. At three weeks the patient will undergo resection of

several lymph nodes from the draining superficial inquinal area. These lymph

nodes will be used to grow lymphocytes for adoptive cellular therapy of that

patient. As predicted by animal models, it is not expected that tumor will

grow at the local injection site. If, however, tumor does grow then the soft

tissue in the area of the tumor injection will be resected when a tumor has
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reached one to two centimeters and an attempt will be made to grow tumor

infiltrating lymphocytes from this site. Lymphocytes either from draining

lymph nodes or from the tumor site itself (whichever become available first)

will be grown in vitro by the standard techniques used in many previous

protocols and assays published detail. These lymphocytes will then be

adoptively transferred to the patient along with 720,000 IU/kg of IL-2,

exactly as in our previous protocols and as previously published in detail.

The impact of the immunization procedure on established tumor at other sites

will also be monitored to evaluate whether this immunization procedure itself

has anti-tumor effects. Biopsies of cutaneous or subcutaneous lesions may be

performed.

2 . Preparation of the IL-2-NeoR vector containing supernatant. The

IL-2-NeoR vector was constructed by modifying the Moloney murine leukemia

vector by techniques similar to those previously described. Retroviral vector

supernatant is produced by harvesting the cell culture medium from the PA317

packaging line developed by Dr. A. Dusty Miller (36,37). This line has been

extensively characterized and was used by us in our previous studies of the

infusion of TIL modified by the LNL6 vector (11,12). The IL-2-Neo vector

preparations from PA317 will be extensively tested to assure that no

detectable replication competent virus is present. Tests for replication

competent virus will be conducted on both the vector supernatant and on the

tumor cells after transduction. The vector includes the retroviral LTR

promoting the IL-2 gene followed by the SV-40 early promoter and the gene

coding for neomycin phosphotransferase. Testing will be the same as

previously approved for the LNL6 supernatants used to introduce the NeoR gene

into TIL (protocol 86-C-183c). The following tests will be run on the

producer line and/or the viral supernatant:

1) The viral titer will be determined on 3T3 cells. Viral

preparations with titers greater than 5 x 104 colony forming units/ml will be

used.

2) Southern blots will be run on the producer line to detect the
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IL-2 gene.

3) IL-2 production by the producer line will be measured and

should be significantly above baseline control values. IL-2 will be assayed

using standard biologic assays on the CTLL sensitive cell line (15) or by

ELISA assay (R&D Systems, Minneapolis, MN)

.

4) Sterility of the producer line and the supernatant will be

assured by testing for aerobic and anaerobic bacteria, fungus and for

mycoplasma.

'•5) Viral testing will be performed including:

a. MAP test

b. LCM virus

c. Thymic agent

d. S+/L- assay for ecotropic virus

e. S+/L- for xenotropic virus

e
X. • S+/L- for amphotropic virus

g* 3T3 simplification

6) Electron microscopy will be performed to assure the absence of

adventitious agents.

The retroviral supernatant will not be used to transduce tumor

cells injected into patients until approval is received from the Food and Drug

Administration.

3. Preparation of gene-modified tumor cells . Tumor lines will be

established in tissue culture from tumor fragments or single cell suspensions

using standard tissue culture techniques (38). Tumor and normal tissue will

be obtained immediately after surgery and processed ass follows. The tumors

were minced into 1 mm3 fragments and dissociated with agitation in serum free

DMEM (Dulbecco Modified Eagle Medium) (Biofluids) containing 2mM glutamine,

01.1 mg/ml hyaluronidase, , 0.02 mg/ml Dnase I and 0.1 mg/ml collagenase for 3

hours at room temperature. The cell suspension was then centrifuged at 800 q

for 5 minutes and the pellet resuspended in a culture medium consisting of 5ml

of DMEM high glucose (4.5g/l) with penicillin and glutamine supplemented with.-
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10% fetal calf serum. The cells were either centrifuged prior to being frozen

in 90% FCS , 10% DMSO at -80°C, or plated in appropriate dishes or culture

flasks in culture medium. Plated cells were incubated at 37 °C in a humidified

atmosphere of 5% C02 and 95% air. With 48 hrs, the culture medium was changed

in order to remove all non-attached material. Subsequently, cultures were

incubated for a period of 6 to 8 days without medium change. The tumors grow

as adherent monolayers in tissue culture flasks (Falcon #3028;. 175 cm2
; 750

ml) containing about 50 ml of medium. When the cells are actively growing and

not yet confluent the medium will be poured off and 30-50 ml of medium

containing the retroviral supernatant with 5 ug/ml protamine will be added to

the flask (39). The flasks will be incubated at 37®C for six hours at which

time the medium will be changed. This procedure will be repeated up to three

times. After 24 to 48 hours medium containing 300 ug/ml G418 will be added

directly to the flask and the cells will be grown and subcultured for 7 to 14

days in G418 containing medium. The G418 concentration may be raised to 1

mg/ml depending on the health of the culture.

4. Tests on the transduced tumor population. Following transduction,

growth and selection of the tumor populations the following tests will be

performed on the tumor prior to injection into patients.

1) Cell viability will be greater than 70% as tested by trypan

dye exclusion.

2) Sterility will be assured by testing for aerobic and

anaerobic bacteria, fungus and mycoplasma.

3) S+/L- assay must be negative.

4) Southern blot or PCR analysis will be run on the transduced

tumor to assure that proviral sequences are present.

5) IL-2 protein assay to assure the production of IL-2 . Cells

must be producing at least 100 pg IL-2/10 6 cells/24 hours.

The S+/L- assay, the 3T3 amplification assay and the polymerase chain

reaction assay are detailed in Appendix A.

5. Injection of tumor cells . Gene-modified tumor cells will be
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harvested from the culture flasks by exposure to 0.25% versene (EDTA) for 10

minutes. The cells will be washed three times by suspension in 50 mis normal

saline and centrifugation. The final cell pellet will be suspended in normal

saline and counted. 2 x 10® viable cells in 1 ml normal saline will be

injected subcutaneously just beneath the skin in the anterior mid thigh and

the overlying skin marked with a tatoo dot. If 2 x 10® cells are not

available, fewer may be given but not less than 2 x 10 7 cells will be

injected. About 3 cm lateral or vertical to this injection the patient will

receive two intradermal injections (separated by 1 cm) of 2 x 10 7 gene

modified tumor cells in 0.1 ml normal saline and these sites also marked by a

tatoo dot. These sites will be monitored weekly by a physician. At three

weeks the patient will undergo excisional biopsy of superficial inguinal lymph

nodes (without formal dissection) in the area draining the inoculation site

for growth of lymphocytes. If tumor grows at any of these sites they will be

excised when they reach 1 to 2 cm for growth of TIL. If no tumor growth is

evident then the sites of tumor injection will be excisionally biopsied at 8

weeks after injection for pathologic analysis.

6. Growth of lymphocytes: The procedures used here are the same as

those used in our previous protocols (40) involving the infusion of TIL (86-C-

183) and is taken virtually verbatim from that protocol.

At least two days prior to surgery, peripheral blood lymphocytes are

collected by leukapheresis for four hours. These are Ficoll-Hypaque separated

and the mononuclear cells collected from the interface, washed in saline, and

placed in culture in roller bottles at 106 cells/ml. Half are placed into

AIMV (a serum free medium, Gibco Laboratories) with 6000 IU/ml IL-2 (Cetus),

and half are placed into RPMI supplemented with 2% type-compatible human

serum, penicillin (unless the patient is allergic), gentamicin, and 6000 IU/ml

IL-2. After 3 to 4 days cells are centrifuged and the supernatants are

collected and filtered. These are referred to as LAK supernatants.

Immediately upon resection of tumor or lymph nodes, the specimen(s) is

transported to the laboratory in a sterile container and placed on a sterile
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dissection board in a laminar flow hood. A small representative portion is

taken for pathologic analysis, and the rest is minced into pieces roughly 4 mm

in diameter. These are placed into an enzyme solution of collagenase, DNAse

type I, and hyaluronidase type V as previously described for overnight

digestion at room temperature. The resulting suspension is filtered through a

wire mesh to remove any large debris, washed in saline, and placed on

Ficoll-Hypaque gradients. The interface containing viable lymphocytes is

collected and washed in saline, and a portion is frozen for subsequent use as

targets in cytotoxicity assays.

Lymphocyte cultures are initiated at 5 x 10 5 ml viable cells in 80%

fresh medium/20% LAK supernatant. For half the cells, the fresh medium is

AIMV supplemented with penicillin, streptomycin, fungizone, and 6000 IU/ml IL-

2; for the other half, the fresh medium is RPHI supplemented with 10% human

serum, penicillin, gentamicin, fungizone, and 6000 IU/ml IL-2 . The cultures

are placed into 6-well tissue culture dishes and incubated at 37< C in

humidified incubators with 5% C02 . Cultures initiated from lymph nodes will

be cocultivated with cryopreserved tumor stimulation cells at an initial ratio

of at least 1:10 tumor cells to lymphocytes (but not more than 1:1) depending

on the availability of tumor cells.

Usually the lymphocyte density is not much increased at the end of •

seven days in culture, and the cultures are collected, centrifuged, and

resuspended at 5 x 10 s total viable cells/ml in newly prepared 80%/20% medium

mixtures of the same type. Occasionally a culture will have increased

lymphocyte density and need medium replenishment prior to seven days. After

this first passage, lymphocytes are subcultured by dilution when the density

is between 1.5 x 10 6 and 2.5 x 10 6 cells per ml; densities of subcultures are

established between 3 x 10 3 and 6 x 10 3 ml. Cultures are kept in 6-well dishes

when the volume is less than 1 liter, and transferred to 3 liter polyolefin

bags (Fenwal) when the volume reaches one liter. The subcultures from bags

are accomplished with Fluid Fill/Weigh Units (Fenwal), which are programmed

to pump prescribed weights of TIL culture and fresh medium into a new bag.
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When subculture volumes exceed 3 liters, the fresh medium used is AIMV.

Cultures growing in serum-containing medium are thus diluted into AIMV, and

no further LAK supernatant is added to cultures growing in serum-containing

or serum-free medium.

If, during the growth of TIL, patients performance status has

deteriorated to 3 or greater or if they have developed significant cardiac,

renal, pulmonary or hematologic dysfunction than they will be taken off study

and will not receive the infusion of TIL or IL-2.

When the total lymphocytes for a patient are ready for harvest, 5 x 106

cells are taken for cytological examination. Cytospins are examined for the

presence of remaining tumor. At least 200 cells are studied and therapy

proceeds only when no tumor cells are found. Other lymphocyte samples are

taken for characterization of cell surface markers and for assessment of

cytotoxicity using techniques identical to that in our previous protocol

(86-C-183; reference 23, attached). Briefly, lymphocytes are stained with

fluorescent-labeled antibodies (Leu2, Leu3, Leu4, Leu7, Leull, Leu5, Leu9,

LeuM3, HLADDR and Tac). Chromium release assays are performed with K562,

Daudi autologous tumor, and allogeneic tumor targets.

To infuse the lymphocytes they will be thawed and grown for one to three

additional weeks using the same procedures detailed above. For infusion

TIL are reharvested. At the time of cell collection, one liter of saline

for injection is pumped through the collection chamber and the centrifuge

is stopped. Lymphocytes are resuspended in the collection bag, the centrifuge

is started again, and another liter of saline is pumped through to fully wash

the free of tissue culture medium components. The cells are then filtered

through a platelet administration set into 600 ml transfer packs (Fenwal), and

50 ml of 25% albumin and 450,000 IU of IL-2 are added to the 200 to 300 ml

volume of cells in saline. The TIL are infused over 30 to 60 minutes through

a central venous catheter.

7. Interleukin-2

:

The recombinant IL-2 used in this trial will be

provided by the Division of Cancer Treatment, National Cancer Institute
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(supplied by the Cetus Corporation, Emeryville, CA) (28) and will be

administered exactly as specified in our previously approved protocols (86-C-

183c) (41). The IL-2 will be provided as a lyophilized powder and will be

reconstituted with 1.2 ml/vial. Each vial contains approximately 1.2 mg of

IL-2 (specific activity 18 x 106 IV/mg) . Less than 0.04 ng of endotoxin are

present per vial as measured by the limulus amebocyte assay. Each vial also

contains 5% mannitol and approximately 130-230 ug of sodium dodecyl sulfate/mg

of IL-2. Following reconstitution the IL-2 will be diluted in 50 ml of normal

saline containing 5% human serum albumin and will be infused intravenously at

a dose of 720,000 IU/kg over a 15 minute period every 8 hr, beginning from two

to 24 hr after the TIL infusion. IL-2 will be given for up to five

consecutive days as tolerated. Under no circumstances will more than 15 doses

of IL-2 be ad-

ministered. The same toxicity criteria will be used as in our previous

protocol (86-C-183c) . Doses may be skipped depending on patient tolerance.

Doses will be skipped if patients reach grade III or grade IV toxicity as

detailed in Table 9. If this toxicity is easily r reversed by supportive

measures then additional doses may be given.

8. Concomitant therapy: Patients may receive concomitant medications

to control the side effects of therapy (4,5). It is our plan to administer

the same concomitant medications used in all previous TIL protocols. These

include: acetaminophen (650 mg every 4 hours), indomethacin (50-75 mg every

six hours) and ranitidine (150 mg every 12 hours) throughout the course of

treatment. Patients may receive intravenous meperidine (25-50 mg) to

control chills when they occur, although chills are unusual after the first

one to two doses of IL-2. Hydroxyzine hydrochloride (25 mg every six hours)

is given to treat pruritis. Steroids will not be used in these patients

and if steroid are required, then the patient will immediately be taken

off protocol therapy.
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V. PATIENT EVALUATION

Parameters to be measured

Pre

Physical exam

History

Performance Status

Assess for Tumor Effect 1

Chemistry Survey2

Vital Signs

Weight

CBC, Diff, Platelet

PT, PTT

FEV1 , ABGs

EKG

CXR

Cardiac Stress Test

U/A and Culture

Hb,Ag, HTLV III

Brain CT or MRI

Assess for adverse

events status

PCR on PBL to detect

NeoR gene

Tumor biopsy (if feasible)

Western blot

(4070A envelope)

Serum assay for IL-2

During Therapy Week

Study D1 D3 D5 D6 D15 D17 D19 D20 7

XX

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

'To include assessment of all sites of disease.

includes total bilirubin, SGOT, LDH, Alkaline Phosphatase, Creatinine, BUN,

CPK
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1. Pretreatment (see Table on page 19).

a. Complete physical examination noting in detail the exact size and

location of any lesions that exist.

b. Complete chemistry survey including electrolytes, liver function

tests, calcium, magnesium, creatinine, BUN, CPK.

c. CBC differential count, PT, PTT, platelet count

d. Urine analysis and culture

e. Hepatitis screen

f. HIV titer

g. Pregnancy test if woman between the ages of 16 and 50

h. Chest x-ray

i. Electrocardiogram

j . Baseline x-rays and nuclear medicine scans to evaluate the status

of disease.

k. CT scan or MRI scan of brain

l. 45 ml of clotted blood for serum storage and 45 ml of anti-

coagulate blood for mononuclear cell cryopreservation. ^Selected patients may

undergo pretreatment lymphocytapheresis

.

m. Biopsy of tumor, if possible with minimal morbidity

2. During treatment . Patients will have a complete blood count and

chemistry analysis panel at least every other day and a chest x-ray performed

each week during treatment.

During the infusion of the lymphocytes, patients will be .monitored

closely in the Surgical Intensive Care Unit. Vital signs including blood

pressure, pulse, and respirations will be measured every 15 minutes during the

cell infusion and every 30 minutes for at least four hours or until the

patient is stable. A pulse oximeter will be used for on-line measurement of

oxygen saturation during and for the four hours after cell infusion as well.

If the systolic blood pressure drops below 80 mm/Hg, or the oxygen saturation

drops below 90% during the cell infusion, the cell infusion will be terminated

immediately.

[
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3. Post-treatment (see Table on page 19). Complete evaluation of

evaluable lesions with physical examination, biopsy, if feasible, and

appropriate x-rays and/or scans prior to each cell infusion cycle and at

approximately eight weeks after the end of treatment to evaluate response to

treatment

.

Western blot analysis of patient serum to determine possible exposure to

retrovirus envelope proteins will be performed at 7 to 8 weeks after

treatment.

4. Criteria for response . Complete response is defined as the

disappearance of all clinical evidence of disease for at least four weeks.

Partial response is defined as the 50% or greater decrease of the sum of the

products of perpendicular diameters of all lesions lasting at least four weeks

with no increase in existing lesions or appearance of new lesions. Any

patient having less than a partial response is considered to be non-responsive

to treatment.

VI. POTENTIAL SIDE EFFECTS AND REPORTING OF ADVERSE REACTIONS .

1. Adverse drug reaction reporting will be performed in accord with NCI

current reporting requirements for Phase I studies as follows:

Report by telephone to IDB within 24 hours (301-496-7957, Available 24

hours )

.

a. All life threatening events (Grade 4) which may be due to drug

administration

.

b. All fatal events.

c. The first occurrence of any previously unknown clinical event

(regardless of Grade)

.

Written report to following within 10 working days to:

Investigational Drug Branch

P.0. Box 30012

Bethesda, Maryland 20824

2 . Data will be submitted to CTMS at least once every two weeks.

The NCI/DCT Case Report of ACES will be used to report to CTMS. All adverse
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reactions should also be reported to the IRB.

3. Side effects of IL-2 . A variety of side effects have been associated

with IL-2 administration. We have had experience with the use of high-dose

IL-2 either alone or in combination with cells or other cytokines in 1,039

courses in 652 patients. A listing of the side effects and their incidence is

presented in Table 8.

IL-2 side effects including fever, chills, hypotension, oliguria, weight

loss, nausea, vomiting and malaise.

All Side effects will be graded using the standard toxicity sheet used in

all prior IL-2 related protocols presented in Table 9.

4. Potential risks from injection of live tumor . These patients will

receive the injection of approximately 0.1 gram of tumor into the skin or

subcutaneous tissue of the anterior thigh. It should be emphasized that

patients in this protocol will have histologically confirmed cancer with

estimated tumor burdens of at least 10 grams or greater which is 50 times the

amount of the tumor cells used for these immunizations. Based on our

experimental data it is unlikely that these gene modified tumor cells will

grow. These sites will be carefully monitored, however, and if tumor growth

does occur then this site has been selected so that it could be widely excised

with minimum morbidity. A small chance does exist, however, that if this site

does grow that it might lead to spread of the injected tumor cells to draining

lymph nodes or other sites in the body. The patients included in this

protocol, however, will have metastatic cancer with limited life expectancy.

The spread of the injected tumor is considered unlikely and in this patient

population is unlikely to negatively influence the prognosis from their

disease

.

If the gene modified tumor cells do grow and produce IL-2, then patients

will be exposed to this systemic IL-2. The maximum amount the IL-2 produced

by the transduced tumor lines is about 15 ng/10 6 cells/24 hrs (about 45 Cetus

units). If the tumors grow at all then they will be allowed to grow to a
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maximum of about 2 x 109 cells (or a 2 cm nodule) before they are excised. 2

x 109 cells will make about 30 ug of IL-2 (90,000 Cetus units) for 24 hours.

We and others have previously shown that 70 kg patients can tolerate

approximately 700 ug IL-2 iv every 24 hours (8-10/ug/kg) . Thus for a 70 kg

human, the amount of IL-2 being produced by these gene modified cells would be

about l/25th the amount of IL-2 already shown to be well tolerated by

patients. It should be emphasized, however, that it is not expected that

these tumor cells will grow based on experimental animal models. Further, if

patients do develop signs of toxicity due to IL-2 exposure then it will be

possible to excise the local nodules in the anterior thigh. If tumor spreads

from the local site, however, it may not be possible to remove all of the IL-2

producing tumor. If IL-2 toxicity does occur, this toxicity may be partially

abrogated by steroid therapy.

5. Risk from murine retrovirus . Exposure of the cancer patient to

retrovirus could theoretically pose a risk of insertional mutagenesis. It

should be emphasized, however, that careful tests will be conducted to assure

that the patient is not exposed to replication competent virus. The

retrovirus derived from the Moloney murine leukemia virus has been modified so

that it no longer contains any intact viral genes and thus cannot produce the

envelope proteins necessary to package its RNA into an intact infectious virus

(36,37,41,43,44). To assemble the retrovirus, a retrovirus packaging cell

line was used that contained a second defective retrovirus which expresses the

viral structural proteins. This packaging cell line does not produce

replication competent retrovirus because of multiple modifications made to the

second retrovirus that prevent its replication, including removal of signals

required for RNA encapsidation, reverse transcription, and integration (37).

Multiple assays will be performed on the final producer cell line, the

retroviral vector supernatant as well as on the TIL prior to infusion to

insure that no replication competent virus is present. These tests will

include S+L- assays including 3T3 amplification, PCR assays for the envelope

gene, and assays for reverse transcriptase (41,42). Any supernatants or TIL
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with evidence of any replication competent virus will not be utilized. The

3T3 amplification and S+L- assays are thought to be capable of detecting a

single replication competent viral particle per ml (41).

Prior safety studies have shown that exposure of primates to large

infusions of infectious murine amphotrophic virus produce no acute pathologic

effects (44). In a study of 21 primates receiving retroviral mediated gene-

modified autologous bone marrow cells no animal showed evidence of toxicity

related to the gene transfer as long as 5 years after infusion (45),

unpublished data)

.

It should be emphasized, however, that tumor will be transduced with the

retroviral vector supernatant and then the tumor will be washed extensively

and then grown for several weeks in the absence of supernatant. The tumor

will then be washed extensively again prior to injection into the patient and

patients will thus not be exposed directly to the retroviral vector.

VII . Statistical Considerations.

Up to 14 patients with each type of cancer will be treated. If no

responses are seen in these first 14 patients no further patients with that

histologic type of cancer will be admitted to the protocol.
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iDICAL RECORD CONSENT TO PARTICIPATE IN A CLINICAL RESEARCH STUDY
• Adult Patient or • Parent, for Minor Patient

INSTITUTE: NATIONAL CANCER INSTITUTE

STUDY NUMBER PRINCIPAL INVESTIGATOR: Steven A ‘ Rosenber§> M - D -> Ph.D

STUDY TITLE: TMMTNT7.ATTON OF GANGER PATTENTS USING AUTOLOGOUS CANCER CELLS MODIFIED BY

INSERTION OF THE GENE FOR INTERLEUKIN-2

I

INTRODUCTION

We invite you (or your child) to take part in a research study at the National Institutes of Health. It is important that you
read and understand several general principles that apply to all who take part in our studies: (a) taking part in the study

is entirely voluntary; (b) personal benefit may not result from taking part in the study, but knowledge may be gained that

will benefit others; (c) you may withdraw from the study at any time without penalty or loss of any benefits to which you
are otherwise entitled. The nature of the study, the risks, inconveniences, discomforts, and other pertinent information

about the study are discussed below. You are urged to discuss any questions you have about this study with the staff

imbers who explain it to you.
^

Nature of Study

The spread of your disease makes ineffective such standard therapies as

drugs, surgery and radiation. We are attempting to develop a procedure that

may help fight your type of cancer. The procedure that we are offering you is

highly experimental. The purpose of the study is to attempt to immunize you

against your own cancer . It involves immunotherapy, using the body's own

immune system to treat the cancer. In laboratory studies in mice we have shown

that tumors that have had the gene for a substance called interleukin-2 (IL-2)

inserted are more readily recognized as foreign by the immune system of the

mouse and are rejected. These gene—modified tumor cells can be used to

immunize mice against their own cancers.

Earlier when your tumor was surgically removed, we grew a sample of it in

the laboratory in tissue culture. We inserted the gene for IL-2 into, the

cells of the tumor. The gene caused the cells of your tumor to produce IL-2.

We propose to inject these gene—modified tumor cells in three sites in your
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;DICAL RECORD CONTINUATION SHEET for either:

NIH 2514-1, Consent to Participate In A Clinical Research Study

NIH 2514-2, Minor Patient’s Assent to Participate In A Clinical Research Study

STUDY NUMBER: CONTINUATION: pageJL of M: pages .

1

thigh, either in the skin or just below the skin. About three weeks later we

will remove the lymph nodes that drain the tumor-bearing area and use them to

grow immune cells called lymphocytes which will later be given back to you as

part of your immunotherapy. We will carefully observe the site of the tumor

injection. If the tumor grows, we will remove it, attempt to grow immune

lymphocytes from it, and if successful, use them in your treatment. If no

tumor grows, the site will be surgically excised at about eight weeks after

the injection. If we return lymphocytes to you for your treatment, you will

also receive interleukin-2 (IL-2), a protein normally made by the body's

immune system that can help the immune cells destroy your tumor. We cannot

predict whether this approach will be of benefit to you in any way. It is a

highly experimental technique. We are attempting to learn if it is of benefit

in the treatment of patients with cancer.

Procedures

Before receiving any drug therapy you will have a number tests to make

sure you qualify for the study. The tests will be done on an in-patient or

out-patient basis and may include the following: 1) x-rays of the brain,

chest and abdomen; 2) blood tests; 3) testing your blood for the antibodies to

human immunodeficiency virus (HIV) the virus that causes AIDS. If you are

found to have these antibodies, you may not participate in this study. If you

do qualify, you will undergo a series of procedures as part of the treatment.

The first step will be the injection of the gene-modified tissue-cultured

tumor into three sites in your thigh. This tumor will be injected either into

the skin or underneath the skin at three separate sites. The injectipns will

be done with a standard needle and syringe and will be marked with tattooed

dots. We will observe these sites carefully and have them inspected at least
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MEDICAL RECORD CONTINUATION SHEET for either:

N!H 2514-1. Consent to Participate In A Clinical Research Study

NIH 2514-2, Minor Patient’s Assent to Participate In A Clinical Research Study

I
STUDY NUMBER: CONTINUATION: page 3 nf llpagpg

once a week.

If any tumor grows at these sites, we will allow it to grow until it

reaches a size of about one-half inch. The site where the tumor was injected

in the thigh will be surgically removed. The operation will probably be done

under local anesthesia but may require general anesthesia. An incision

several inches long will be necessary to do this and this can lead to

bleeding, infection and possibly swelling in the leg. Lymphocytes will be

grown from any tumor found. It is possible that we will not be able to grow

lymphocytes from this tumor deposit. The best chance for growing lymphocytes

in media already partly used by lymphocytes. We will make this media using

lymphocytes taken from your vein blood by a procedure called apheresis. The

lymphocytes are removed by a machine to which you are connected with two

venous catheters (thin plastic tubes); the liquid part of the blood (plasma)

and the red blood cells are returned to your veins. The procedure typically

takes a few hours and rarely has any side effects.

If by three weeks no tumor has grown at the site of the injection, we

will make a small incision in the groin and remove several lymph nodes from

this area. This can usually be done under local anesthesia. We will attempt

to grow these lymphocytes in culture for use in your treatment although it is

possible that they will not grow.

If the lymphocytes from either the tumor site or from the draining lymph

nodes do grow sufficiently, they will be transfused back into you along with

IL-2, a protein normally made by the body's immune system. You will receive
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the IL-2 every eight hours until the maximum safe amount has been given.

After approximately one week of recovery, a repeat treatment will be given

using cells left over from the first week of treatment (if available) and more

IL-2. It should be emphasized that the IL-2, the gene-modified tumor cells

and the TIL are all investigational agents. Approximately five weeks after

that the effects of the treatment on your tumor will be measured by

examination and x-rays. The treatment may be repeated if frozen lymphocytes

are available or additional sites of tumor can be removed and new lymphocytes

grown. To give you the cells and IL-2 we will place a catheter in a vein in

your upper chest wall or your neck. This catheter will be used to give the

lymphocytes and can remain in place for the duration of your therapy.

Placement of these catheters may be performed in the Surgical Intensive Care

Unit. It is remotely possible that we might cause a small hole in the lung as

we insert the catheter. This may require putting a tube in the chest for

several days. The catheter may become infected. Appropriate treatment will

,be given if this occurs.

Interleukin-2

.

Interleukin-2 can cause side effects that include weight gain due to

retention of as much as 20 lbs of fluid over the course of a week. The weight

gain can cause your arms and legs to swell and fluid to accumulate in the

lungs. This can cause shortness of breath and may require placement of a tube

in your windpipe (trachea) to allow mechanical breathing (breathing assisted

by a machine). This would require transfer to the Surgical Intensive Care
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Unit. Less serious shortness of breath is common, and you may require oxygen

delivered by a face mask during some portion of this treatment. Other side

effects include fever and chills, which generally can be eliminated by

appropriate medication. You also might develop nausea, diarrhea, a skin

reaction with itching, nasal congestion, and abnormalities in kidney and liver

function. Mental changes ranging from confusion and forgetfulness to

disorientation have occasionally been observed. Other possible side effects

include fatigue and mouth dryness. Your blood counts may drop to the point

where you need red blood cell or platelet transfusions. Heart problems can

occur, including irregular heart beat, low blood pressure, and heart attack.

Some patients have developed a hole in their colon, resulting in abdominal

inflammation and infection that required correction by surgery. In

previous studies many of these side effects such as the weight gain, nausea,

diarrhea and liver and kidney dysfunction disappeared or were alleviated after

stopping the IL-2 administration. Other unknown side effects may occur.

It is' very unlikely, though possible/ that this procedure could kill you.

Immune lymphocytes

The administration of the lymphocytes may cause fever, chills, and

shortness of breath. Based on our previous experience, these side effects are

expected and should only last a few hours. Because these lymphocytes are

grown from your tumor, it is possible that the lymphocytes returned to you may

contain tumor cells. This may make your condition worse. We will carefully

examine the lymphocytes that you are to be given to decrease the chance of
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this occurrence.

Although administration of immune lymphocytes can shrink tumors in some

patients, many patients do not respond to the procedure and even those that

exhibit shrinkage may show regrowth of the tumor after a short period of time

(months )

.

Gene-modified cells

Recent scientific advances have made it possible to modify the genetic

makeup of tumors in an effort to make them better able to be rejected by the

immune system. The scientific advance is called "retroviral-mediated gene

transfer" and allows us to insert a gene into some of your tumor cells,

stimulating them to produce a hormone called IL-2. This hormone is naturally

produced in the body in small amounts. The cells we give you may, however,

produce too much IL-2 throughout the body. The introduction of this gene may

or may not improve any possible anti-cancer effects of the tumor injection.

We have inserted into your tumor, by a special laboratory technique, not only

the human gene for IL-2 but a second gene taken from a bacterium that causes

the tumor cells to be resistant to an antibiotic, neomycin. A gene is a part

of a chromosome (hereditary material) that contains the information a cell

needs to make proteins.

The following procedure was used to insert these genes into your tumor.

The tumor cells were attached to mouse virus genetic material that has the

capacity to act as a carrier of foreign genes from one cell to another taking

the two genes with it. These tumor cells are then grown in the laboratory in
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large numbers. Special tests are performed on these cells to determine that

they contain the new genes and that IL-2 is being produced.

There are some potential risks to this procedure. First, even though the

mouse virus used to insert the gene into your lymphocytes cannot grow and is

considered harmless to you, it is possible that events could occur within the

cell that allow the virus to grow. To minimize this possibility, the gene-

marked tumor cells will be tested and if any virus is found, the cells will be

discarded. Second, the inserted gene produces a protein that inactivates

certain antibiotics. These antibiotics are not commonly used to treat

infections in humans, and many other antibiotics are available that will not

be inactivated and would be effective in treating bacterial infections.

We emphasize that this procedure, called retroviral-mediated gene transfer,

has been used before only in a very few human patients. Because this

procedure is relatively new, it is possible that despite our extensive

efforts, other unforeseen problems may occur including the very remote

possibility of death.

You will undergo biopsy of tumor and other tissue, if available, on

several occasions before and after the tumor infiltrating lymphocytes (TIL)

from either the tumor or local lymph nodes are given. A maximum of five

biopsies of lesions in or under the skin may be performed. The biopsies are

done under local anesthesia and are associated with minor discomfort lasting

about 24 hours. Blood and tissue specimens will be taken where possible to

follow the life span and function of the marked cells.

This clinical procedure has attracted a great deal of attention from the
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lay media. We will make every effort to protect the confidentiality of you

and your family. However, because of this media interest there is a greater

risk than usual that information concerning you and your treatment will appear

publicly without your consent. A qualified representative of the manufacturer

of IL-2 may have access to the patient and study reccords on this protocol

.

The injection of live tumor
:
cells back into you is unusual and highly

experimental. Although any tumor appearing in the thigh can likely be

controlled by surgical removal (or possibly by adding radiation therapy) these

measures could fail resulting in progressive tumor in the thigh. It is also

possible that this tumor may spread from this site and produce IL-2 at other

sites and that we may not be able to control this. We do emphasize, however,

that the amount of tumor that we are injecting into you is less than l/50th of

the total amount of tumor we estimate is already in your body. It is however

possible that you may suffer injury or disability such as pain, bleeding or

infection from the tumor injected into the skin of the thigh.

Possible Benefits For Participants

We cannot predict if this new procedure will be of benefit to you. In

past lymphocyte transfer studies, some tumor shrinkage was observed in some

individuals but not in others. Even those tumors that exhibit shrinkage may

show regrowth of the tumor after a short period of time (months). At this

stage in your illness, tumor shrinkage may be associated with prolongation of

life.

Alternative Treatments

There are no known curative treatments for patients with your disease.
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You could also consider receiving other experimental treatments such as

experimental chemotherapy. The option also exists to receive no treatment at

this time.

Follow-Up

After you receive each cycle of this procedure you will be discharged

from the hospital. At about five weeks after the last treatment you will be

required to return to the NIH for follow-up studies. Tests used to decide if

your tumor has responded to the procedure will be similar to those you had

before beginning the therapy.

When you have completed your participation in this study, you will be

eligible to be considered for participation in other research protocols at the

National Cancer Institute and you will receive care as indicated by your

disease or you will be referred elsewhere for care.

As this is a new procedure, side effects that may cause your condition to

deteriorate may be encountered. You will be watched closely for any side

effects

.

You are free to withdraw your consent to participate in this study at the

National Cancer Institute and seek care from any physician at any time. If

you withdraw from the study after the injection of the gene-modified tumor

cells but before the surgical excision of the injection site, then we would be

willing to immediately resect the injection site or observe the injection site

at monthly intervals and resect the site if tumor appears.

If you have any questions concerning issue of patients rights you can

contact Ms. Betty Schwerinq . phone # 496-2626, in the Clinical Center, NIH.
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As .part of your participation in this study, it will be necessary to test your blood for the presence of

antibodies to the Human Immunodeficiency Virus (HIV), the virus that causes Acquired Immune
Deficiency Syndrome (AIDS). In order to perform the test, a small amount of blood (approximately 2

teaspoons) will be withdrawn from one of your arms with a needle. You may experience some slight

discomfort at the needle entry site and there may be some bruising. In addition, there is a very small

risk of your fainting or of infection at the needle entry site. If your test results are found to be
positive, or if you are otherwise diagnosed as having AIDS, you should be aware of the following

Clinical Center HIV Testing Policy:

1. Your physician will notify you promptly of the HIV test results.

2. Your physician and/or the Clinical Center HIV counselor will offer you, and any current and/or

ongoing sexual partners) (spouses are generally considered to be current or ongoing sexual

partners) or needle-sharing partner(s) you identify, information on the meaning of the test

results and how to prevent the spread of the infection.

3. Because the virus may be transmitted in several ways, it is important that you inform sexual

and/or needle-sharing partner(s) that any, or all, of them may have been exposed to the HIV

virus and encourage them to be tested. If you request it, staff at the Clinical Center will assist

you in notifying your partner(s) and arrange counseling for them through an HIV counselor.

\. The results of your HIV test and/or documentation of the diagnosis of AIDS will become a

part of your Clinical Center medical record and, as such, will be protected from unauthorized

disclosure by the Federal Privacy Act of 1974. In general, access to your medical record will

be restricted to those health care professionals directly involved in your care or in the

conduct of ongoing biomedical research, and information is not usually released to other third

parties without your permission or that of your designated representative. However, there are

some particular routine uses of such information of which you should be aware.

a. If you are unwilling or unable to notify your partner(s), the Clinical Center is responsible for

attempting to contact and inform them of their possible exposure to the virus. Reasonable

attempts will be made to protect your Identity including withholding your name when
notifying any partners) of their possible exposure. Some notification or counseling of

current and/or ongoing partners may be carried out through arrangements with, or referral

to, local public health agencies.

b. A summary of your care at the Clinical Center will be sent to the physician who referred

you here for treatment.

c. The Clinical Center may report certain communicable diseases, including AIDS, to

appropriate State and Federal government agencies.

If you have any questions regarding the HIV testing or the information provided above, you are

encouraged to discuss them with your physician and/or a Clinical Center HIV counselor (496-8955).

.ient Identification INCLUSION OF HIV TESTING IN CONSENT TO

PARTICIPATE IN A CLINICAL RESEARCH STUDY

[136]
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• Adult Patient or • Parent, for Minor Patient

continuation:

page jjlof 11 pagpg

j

STUDY NUMBER:

OTHER PERTINENT INFORMATION
2

|

1 .
Confidentiality. When results of a study such as this are reported in medical journals or at meetings, the identification

of those taking part is withheld. Medical records of Clinical Center patients are maintained according to current leaal
requirements, and are made available for review, as required by the Food and Drug Administration or other authorized
users, only under the guidelines established by the Federal Privacy Act.

j

2. Policy Regarding Research-Related Injuries. The Clinical Center will provide short-term medical care for any physical

!

injury resulting from your participation in research here. Neither the Clinical Center nor the Federal government will

provide long-term medical care or financial compensation for such injuries, except as may be provided through whatever
remedies are normally available under law.

3. Payments. If you are a patient, you are not paid for taking part in NIH studies. Exceptions for volunteers will be
guided by Clinical Center '•jlicies.

4. Problems or Questions. Should any problem or question arise with regard to this study, with regard to your rights

as a participant in clinical research, or with regard to any research-related injury, you should contact the principa
investigator. Dr. s . A . •Rn.qpnhpra or these other staff members also involved in this study

-!- • " " — " " I ~

Building ID ,
Room___2M2 Telephone: (301)_4H£u=41£4

National Institutes of Health

Bethesda, Maryland 20205

5. .Consent Document. It is suggested that you retain a copy of this document for your later reference and persons
records. —

COMPLETE APPROPRIATE ITEM BELOW, A or B:

A. Adult Patient’s Consent.
I have read the explanation about this study and

have been given the opportunity to discuss it- and
to ask questions. 1 hereby consent to take part in

this study.

B. Parent’s Permission for Minor Patient.

1 have read the explanation about this study ar

have been given the opportunity to discuss it ar

to ask questions. 1 hereby give permission for n

child to take part in this study.

(Attach NIH 2514-2, Minor’s Assent, if applicable

S cnsture ol Aauit Patient & Date S’Cnea Signature ol Parent(s) & Date Signed

/

(it otne f tnan parent, specify relationship)

^ ot investigator & Cate S«g~cG S>gr.atjre o: Witness a Date Signed
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APPENDIX C

ABSTRACT OF PROTOCOL

This protocol is a study of patients with advanced cancer who have failed

standard therapy. In an attempt to increase the patient's immune response to the

tumor, the interleukin-2 (IL-2) gene will be introduced into a tumor cell line established

from the patient. These gene-modified autologous tumor cells will then.be injected

into the thigh of the patient. This injection will augment the immune responses of the

patient because a subcutaneous location will be utilized as well as the immune
stimulatory effects of the IL-2 secreted by the gene modified tumor cells. To further

utilize the immune system of the patient to fight their tumor, stimulated lymphocytes
will be cultured from either the draining lymph nodes or the injected tumor itself.

These lymphocytes will be expanded in vitro and given intravenously to the patient

along with IL-2 in a manner similar to current tumor infiltrating lymphocyte clinical

protocols. Animal models have shown both the injection of gene modified tumor cells

and the derived stimulated lymphocytes to have important antitumor effects.

The patients will be evaluated for antitumor effects engendered by the injection

of the gene modified tumor cells themselves as well as after the infusion of the

cultured lymphocytes. The injection of gene modified tumor cells may serve to

"immunize" the patient to their tumor and may be amenable to use in a wide variety

of tumor types, especially those that are poorly immunogenic. This protocol may also

increase the effectiveness of adoptive immunotherapy as well as expand the use of

cultured lymphocytes to other malignancies not currently amenable to TIL therapy.
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APPENDIX D

NONTECHNICAL ABSTRACT OF PROTOCOL

Many patients have advanced cancer that has not responded to standard

therapies. For these patients, a new approach to treat their cancer (tumor) will be

tested. Animal studies have been done using cancer cells into which a cancer fighting

gene has been placed. When these modified cancer cells are returned to the animal

the animal can fight the cancer cells better. The returning of the gene modified cancer

cells can be helpful in fighting the cancer cells in several ways.
1 . Injecting tumor cells under the skin has shown to increase the responses of the

animal's white cells in fighting the tumor cells.

2. Before returning the cancer cells, they can be made to release a potent white

cell activating factor (interleukin 2) by placing the gene for interleukin-2 into the

tumor cells. If these gene modified cancer cells are used, the release of

interleukin-2 by the cancer cells further increases the ability of the animal's

white cells to fight the cancer cells by activating these white cells.

3. In addition, it is possible to remove the activated white cells from the animal.

These activated white cells can be grown up in the presence of interleukin-2 to

very large numbers in the laboratory. If this large number of activated white

cells grown in the laboratory is returned to the animal along with more
interleukin-2, they also help fight the cancer cells in the animal.

If all three parts are used together, an animal that would die from its cancer can now
kill its cancer cells and live.

This protocol is designed to copy the results obtained with the animals.

Patients with cancer who have not responded to therapy will have a piece of their

cancer cut out and brought to the laboratory. In the laboratory the cancer cells will

be grown. The interleukin-2 gene will be put into the patient's cancer cells. The
patient's cancer cells are now producing interleukin-2 and are grown in the laboratory.

These cancer cells are then injected under the skin of the patient. In a few weeks
white cells are removed from the area of injected cancer cells and grown to large

numbers in the laboratory in the presence of interleukin-2. These cells along with

interleukin-2 are then given to the patient. During this time and afterwards the patient

is watched for signs that the therapy may be helping destroy their cancer. Since this

therapy is new, it is not known how well it will work in people. The patients will also

be watched for possible harmful effects from the therapy. After many patients with

many different kinds of cancer have this new therapy, the doctors will be able to tell

how safe this new therapy is and begin to assess how well it works.
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I. Summary

Familial hypercholesterolemia (FH) is an autosomal dominant disorder caused by a

deficiency in the receptor that clears low density lipoprotein (LDL) from the serum (reviewed

in Ref. 1 and 2). Patients with one abnormal LDL receptor allele have moderate elevations in

plasma LDL and suffer premature coronary heart disease. Approximately 5% of all patients

under 45 who have had a myocardial infarction carry this trait. Patients with two abnormal
LDL receptor genes (homozygous deficient patients) have severe hypercholesterolemia and life-

threatening coronary artery disease in childhood.

Strategies for treating patients with FH are directed at lowering the plasma level of LDL.

In heterozygotes, this is accomplished through the administration of drugs that stimulate the

expression of LDL receptor from the normal allele (2). This therapeutic approach is not

effective in the treatment of homozygous deficient patients, especially those that retain <2% of

residual LDL receptor activity. Partial amelioration of hyperlipidemia has been achieved in

some homozygous deficient patients by diverting the portal circulation through a portacaval

anastomosis (3) and by chronic plasmapheresis therapy (4). A more direct approach has been
to correct the deficiency of hepatic LDL receptor by transplanting a liver that expresses normal

levels of LDL receptor. Three patients that survived this procedure normalized their serum
LDL-cholesterol (5-9).

We have used an authentic animal model for FH, the Watanabe Heritable Hyperlipidemic

rabbit (WHHL), to develop gene therapies for the homozygous form of FH (10-13). The WHHL
rabbit has a mutation in its LDL receptor gene which renders the receptor completely

dysfunctional (12) leading to severe hypercholesterolemia, diffuse atherosclerosis, and
premature death. The potential efficacy of gene therapy for FH is supported by a series of

studies we have performed in the WHHL rabbit in which we have achieved metabolic

improvement (14-18). Liver tissue was removed from WHHL rabbits and used to isolate

hepatocytes and establish primary cultures. A functional rabbit LDL receptor gene was
transduced into a high proportion of hepatocytes using recombinant retroviruses, and the

genetically corrected cells were transplanted into the animal from which they were derived.

Transplantation of the genetically corrected, autologous hepatocytes was associated with a 30-

40% decrease in serum cholesterol that persisted for the duration of the experiment (4

months, Ref. 18). Recombinant derived LDL receptor RNA was detected in liver for at least 6

months. There was no apparent immunological response to the recombinant derived LDL
receptor (18).

Another study of relevance to the proposal involves the isolation and retrovirus mediated

gene transfer of human hepatocytes (19). We have successfully isolated viable human
hepatocytes from 4 donors and have achieved gene transfer in a large proportion of cells.

Hepatocytes transduced with a gene encoding LDL receptor express levels of functional protein

that exceed normal endogenous levels.

Based on our preclinical studies, we propose a protocol to treat homozygous FH patients

by ex vivo gene therapy. The patient population we plan to treat are FH homozygotes with

symptomatic CAD who have a relatively poor prognosis but can tolerate a noncardiac surgical

procedure with acceptable risks. Both children and adults will be eligible for this therapy.

Patients will be evaluated over a six week period to determine their eligibility in the study and

to establish metabolic baselines. The proposed therapy will be an adjunct to the more
traditional therapies such as plasma exchange and drugs which will be reinstituted 6 weeks
after gene therapy. Eligible patients will be admitted to the hospital and subjected to a two step

procedure in which a portion of liver is removed on day 0 and hepatocytes are isolated and plated

in culture. Recombinant retroviruses will be used to transduce a normal LDL receptor gene into
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the cultured hepatocytes which will be harvested on day 3 and infused into the portal circulation

of the patient through an indwelling catheter.

The patient will be evaluated for engraftment of corrected hepatocytes through a series

of metabolic studies. Three months after gene therapy, a small amount of liver tissue will be
harvested by percutaneous biopsy and analyzed for the presence of recombinant derived RNA and
DNA.

il. Background

A. Gene Therapy

Monumental progress in the areas of molecular biology, virology, gene transfer

technology, and human genome mapping are providing the foundation for a new era of biomedical

research called somatic cell gene therapy (20). This innovative approach to therapeutics has
the potential to prevent, treat, or potentially cure a variety of inherited and acquired diseases.

Two general strategies are being developed for the treatment of diseases based on somatic

gene therapy. The most popular approach, which has been used in the first human trials, is

referred to as ex vivo gene therapy. This is a multistep therapy which involves transplantation

of genetically modified autologous cells. The specific steps are summarized below. Tissue that

contains the appropriate target cell is harvested from the patient and the constituent cells are

isolated, plated in culture, and exposed to recombinant retroviruses which are capable of

transducing therapeutic genes into a significant proportion of the cells. The genetically modified

cells are harvested and transplanted into the patient from which they were derived. An
advantage of this approach is that gene transfer can be accomplished in an efficient and
controlled manner in vitro and the genetically modified cells can be characterized prior to

transplantation. Ex vivo gene therapy has several limitations. It is generally an invasive

therapy requiring two surgical procedures (i.e., tissue harvest and cell transplantation). In

addition, the efficacy of ex vivo gene therapy will necessarily be dependent upon the capacity and
performance of the cell transplantation, which in some systems can be limiting.

An alternative and potentially more effective approach to gene therapy is direct delivery

of the therapeutic gene to cells in vivo. This would require the development of gene transfer

substrates capable of targeting to the appropriate cell and internalizing the gene so that it is

transported to the nucleus and expressed. Techniques of in vivo gene transfer are very early in

development.

The development of a specific gene therapy protocol is a complex process that requires

an understanding of the pathophysiology of the disease as well as an appreciation of the available

technology. A variety of somatic cells have been considered potential targets for somatic gene
transfer including hepatocytes (21), hematopoietic stem cells (22), respiratory airway
epithelial cells (23), lymphocytes (24), endothelial cells (25), skeletal (26) and cardiac
myocytes (27), fibroblasts (28), keratinocytes (29), and cells of the central nervous system

(30)

.

An equally wide array of gene transfer substrates are available. Recombinant
retroviruses are the preferred substrate for transducing genes into dividing cells in vitro

(31)

. Approaches for in vivo gene transfer are early in development and include viral

[adenoviruses (23), adeno-associated viruses (32), herpes simplex virus (30)] and nonviral

substrates [liposomes (33,34), and DNA/protein complexes (35)].
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We are interested in developing therapies for the treatment of metabolic disorders. The
model we have used is familial hypercholesterolemia (FH) which is caused by defects in the

receptor that binds low density lipoproteins (LDL).

B. Familial Hypercholesterolemia

1. Genetics

FH is an autosomal dominant disorder caused by abnormalities in the function or

expression of LDL receptors (1,2). Patients who inherit one abnormal allele have moderate
elevations in plasma LDL and suffer premature coronary heart disease (CAD). The prevalence

of heterozygotes in most populations is 1 in 500 and they represent approximately 5% of all

patients under 45 who have had a myocardial infarct. Patients with two abnormal LDL receptor

alleles (homozygotes or compound heterozygotes) have severe hypercholesterolemia and life-

threatening CAD. Features of FH that relate to the proposed ex vivo gene therapy will be
summarized below. -In subsequent discussions, FH will refer to the more severe clinical

syndrome that is associated with two abnormal LDL receptor alleles.

The molecular basis of FH lies in the gene that encodes LDL receptors. Characterization

of mutant alleles has revealed a variety of mutations including deletions, insertions, missense
mutations, and nonsense mutations (2, 36). This genotypic heterogeneity leads to variable

consequences in the biochemical function of the receptor which are classified in four general

groups. Class I mutations are associated with no detectable protein and are often caused by gene
deletions. Class 2 mutations lead to abnormalities in intracellular processing of the protein.

Class 3 mutations specifically affect binding the ligand LDL, and class 4 mutations encode
receptor proteins that do not cluster in coated pits.

2. Metabolism

An important issue in the development of gene therapy for FH relates to the specific

somatic cell that is the target for gene transfer. We believe that the hepatocyte is the preferred

target cell for gene therapy of FH. The rationale for this will be described in a broader

discussion of the metabolic steps involved in the maintenance of cholesterol homeostasis in vivo.

Virtually all somatic cells contain a group of highly regulated metabolic pathways
capable of stabilizing intracellular cholesterol concentrations (2). Cholesterol can be produced

by de novo biosynthesis or can enter the hepatocyte by receptor-mediated and non-receptor

mediated uptake of lipoproteins and lysosomal hydrolysis of the component cholesterol esters.

The enzyme that catalyzes the rate limiting step in de novo biosynthesis, HMG CoA reductase, and

the receptor most responsible for lipoprotein catabolism, the LDL receptor, are both subject to

feedback inhibition by intracellular cholesterol. Cholesterol has limited metabolic fates in most
non-hepatic cells; it can be incorporated into membranes or stored intracellularly in the form

of cholesteryl esters. The enzyme responsible for esterification of cholesterol, acylCoA:

cholesterol acyltransferase, is activated in the presence of excess intracellular cholesterol

(37).

The liver modulates cholesterol homeostasis in vivo through a variety of metabolic

functions that are uniquely expressed in its parenchymal cells. Hepatocytes secrete very low

density lipoproteins (VLDL) which are the precursor to most other lipoproteins involved in

endogenous metabolism of cholesterol (38). VLDL, a large triglyceride-rich lipoprotein, is

converted to IDL through the action of lipoprotein lipase in capillary beds. IDL is recognized by

the receptor for LDL through interactions with its two apoproteins, apo B100 and apo E. The
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fraction of IDL that escapes receptor mediated uptake and degradation is'converted to LDL in

capillary beds (2). LDL is the primary carrier of cholesterol in the plasma and has been
implicated in the development of atherosclerosis. Hepatic LDL receptors contribute to >90% of

the high affinity uptake and degradation of LDL in vivo (39). A complete deficiency of LDL
receptor activity in FH leads to a precarious metabolic state in which the catabolism of LDL and
its precursor lipoprotein IDL is decreased. Diminished high affinity uptake of IDL leads to a

marked overproduction of LDL, which in the setting of decreased LDL catabolism, results in

massive hypercholesterolemia (11).

Hepatocytes along with absorptive epithelia of the intestine have the unique function of

expressing apoproteins associated with the other major lipoprotein of the endogenous pathway,

HDL. Liver and bowel directly secrete nascent HDL particles which are converted to mature
HDL through the action of a variety of enzymes. HDL is a very dynamic lipoprotein whose
specific functions in cholesterol homeostasis remain poorly defined, but is most often associated

with a process termed reverse cholesterol transport or the return of cholesterol from

peripheral cells to the liver for excretion into bile.

Liver is the only organ capable of excreting cholesterol from the body, a function which

is critical to the maintenance of cholesterol balance in vivo (39). This is accomplished through

the conversion of free cholesterol to bile acids and the formation of bile (composed of

cholesterol and bile acids) which is secreted from hepatocytes and eventually excreted from the

body. Biliary cholesterol is derived from a pool of metabolically active free cholesterol that is

formed by de novo synthesis and receptor-mediated degradation of lipoproteins (40). In

humans, over one gram of cholesterol is excreted per day by this route (39).

In summary, the liver is the primary organ responsible for regulation of cholesterol

homeostasis, in vivo, and the receptor for LDL plays an important role in this regulation.

Hepatocytes are the cells primarily responsible for catabolizing LDL and the only cell capable of

excreting cholesterol. We therefore believe that the hepatocyte is the preferred target for gene
transfer in gene replacement therapies of FH. The success of orthotopic liver transplantation in

the treatment of FH provides compelling support for the hypothesis that expression of hepatic

LDL receptor activity is sufficient for metabolic correction in vivo (see Section II.B.5). It is

possible, but unlikely, that expression of LDL receptor in non-hepatic tissues could improve
the hyperlipidemia in FH without peripheral adverse effects.

3. Clinical

A risk/benefit assessment of gene therapy for FH requires a thorough understanding of

the natural history of the disease. In general, FH homozygotes have severe
hypercholesterolemia from birth and develop peripheral stigmata of the disease by age 4

including cutaneous xanthomas, tendinous xanthomas, and arcus cornae (2). The most morbid

and life limiting aspect of the disease relates to the development of a characteristic pattern of

atherosclerosis. The coronary arteries and proximal aorta are severely involved while the

cerebral arteries and distal aorta are relatively spared. Accelerated coronary atherosclerosis

leads to a high incidence of myocardial infarction in children and teenagers. Disease in the

ascending aorta led to a variety of complications, including narrowing of the coronary ostium

and aortic stenosis due to valvular or supravalvular aortic disease. Patients usually die of

sequelae of CAD before the age of 30.

More detailed characterizations of FH homozygotes have demonstrated clinical

heterogeneity based on genotype specific variations in the natural history of the disease. The
basic premise is that molecular heterogeneity leads to genotype specific variation in the level of

residual LDL receptor function which may correlate with severity and progression of the
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disease. Sprecher et al., characterized the residual LDL receptor activity in fibroblasts of 14

FH patients and attempted to correlate this with several clinical indices (41). They
demonstrated a statistically significant inverse correlation between residual LDL receptor

activity and 1) pretreatment cholesterol and LDL levels, and 2) age of onset of angina pectoris.

They also noted an association between LDL receptor activity and cholesterol reduction in

response to conventional pharmacological therapy. In another study, Goldstein and Brown
analyzed 57 homozygous deficient patients for residual LDL receptor activity in fibroblasts and
classified them as receptor-negative (<2% of control, N=31) and receptor-defective (>2% of

control, N=26) (42). Receptor status was correlated with age of onset and severity of coronary

artery disease. Manifestations of coronary artery disease developed before the age of 10 in 32%
(10/31) of receptor-negative patients and in only 4% (1/26) of the receptor-defective

patients. Furthermore, 25% (8/31) of the receptor-negative patients died of the sequelae of

coronary artery disease before the age of 25 (mean = 11 years old), whereas only 4% (1/26)

of receptor-defective patients died during this time interval. This observation was confirmed

in a study by Sprecher et al. that characterized a group of 16 unrelated FH homozygotes with

respect to the presence or absence of overt CAD (43). Patients with symptomatic CAD had
extremely high total serum cholesterols (862 +/- 62 mg/dl) and were primarily receptor

negative. Four of seven symptomatic patients died of CAD; the average age death was 12 years of

age. The asymptomatic group had lower serum cholesterols (629 +/- 75 mg/dl) and were
primarily receptor defective. No deaths were reported in this group. Haitas et al. studied a

population of White Afrikaners that have a high incidence of receptor defective FH (44). A
group of 49 patients, symptomatic with CAD, had an average serum cholesterol equal to 744
mg/dl; and 11 patients eventually died at an average age of 18 years old. Additional studies in

various ethnic groups including Lebanese (45), Japanese (46, 47), and French Canadians (48)

confirm these findings. A table of the population studies reviewed above are summarized in

Table 1.
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TABLE 1

Reference

Ethnic

g.rQUp CAD
Receptor

. Status

42 ... 1 7/31
1 1/26

negative

defective

43 - - - 7/7
0/9

negative

defective

44 White
Afrikaner 48/49 defective

45,49 Lebanese — —
48, 50 French

Canadian . . . - - -

47 Japanese - - - . . .

46 Japanese ... ...

Frequent

Avg. Serum
Cholesterol Deaths

Mutation ma/dl S_ Ape

8/31 11 yo
... ... 1 / 26 23 yo

... 862 + /-63 4/7 12 yo

... 626 + /-75 0/9 ...

— 744 1 1/49 18 yo

nonsense 729 1 1/52 21 yo

Deletions 557-1532 5/1 9 21 yo

- - - 772 6/1 0 26 yo

... 735 5/25 11 yo

* Patients were classified according to the presence or absence of CAD. 5/7 patients with CAD were
receptor negative, 1/7 receptor defective and 1/7 had unknown receptor status. 6/9 without CAD
were receptor defective, 1/9 was receptor negative, and 2/9 had unknown receptor status.
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4. Level and Expression of Transferred Gene

The clinical correlations described in the previous section are of potential significance

for gene therapy of FH. The ultimate goal of gene therapy in this disease is to replace the normal

complement of LDL receptor activity in all hepatocytes thereby normalizing total serum
cholesterol. This, however, will be a difficult task because of the large number of potential

target cells in a human liver. The relevant question in terms of this protocol is whether partial

reconstitution of LDL receptor function may be therapeutic. This issue will be further

discussed in section IV.

Another issue in the development of gene therapy for FH is the importance of regulating

the expression of the transgene. The normal endogenous LDL receptor plays an important role

in the maintenance of cellular cholesterol balance. Excess accumulation of intracellular sterol

leads to suppression of exogenous sterol uptake by direct repression of LDL receptor gene
transcription (51, 52). Most LDL receptor gene transfer systems under consideration for gene
therapy utilize transcriptional signals that would result in constitutive expression of the LDL
receptor gene (14, 53). A potential problem with this approach is that the constant

unregulated uptake of LDL could lead to excessive accumulation of intracellular cholesterol and
cholesteryl esters which may be toxic to hepatocytes.

Previous LDL receptor gene transfer experiments have used constitutive or inducible

promoters to drive the expression of the transferred gene. LDL receptor genes have been
introduced into a variety of cell lines by transfection (54, 55) or retroviral infection (14,

53). Constitutive and high level expression of the LDL receptor transgene in these cell lines

had no reported effect on cell growth or function. However, transfected cell lines may not be the

best experimental system to test the effects of excessive accumulation of intracellular

cholesterol because they have high requirements for exogenous cholesterol by virtue of their

ongoing cell division. More recently, we have used recombinant retroviruses to transfer a

functional human LDL receptor gene into hepatocytes from a rabbit that is genetically deficient

in LDL receptor expression (see Section II.C.1, Ref. 14). Constitutive overexpression of LDL
receptor (greater than 4-fold over normal levels) in these infected cells had no detectable

effect on cell viability or morphology during the time course of these experiments (48 to 72
hours following the retroviral infection). More importantly, the cells persisted and continued

to express high levels of the recombinant transcript after transplantation into autologous LDL
receptor deficient rabbits (see below).

Another informative gene transfer experiment was recently described by Hofmann et al.,

where a human LDL receptor gene, driven by the metallothionine promoter, was introduced into

the germ line of a mouse (56, 57). Several transgenic animals that resulted from this

experiment were shown to express high levels of human LDL receptor in liver when the

transgene was induced with CdS04. Under these conditions, the transgenic animals demonstrated

markedly increased catabolism of 12^l-labeled LDL and a virtual disappearance of serum LDL;

no ontoward effects of this hepatic overexpression of LDL receptor were described (56). In

addition, hepatic overexpression of the LDL receptor transgene prevented the development of

hypercholesterolemia in response to a high lipid diet (57).

5. Alternative Therapies

A variety of surgical and pharmacologic therapies have been tried in the treatment of

homozygous FH. These include diet, pharmacologic agents (58-63), portacaval shunts (3, 64,

65), plasma exchange (4, 66-74), LDL apheresis (75-77), and orthotopic liver

transplantation (5-9). The response of FH homozygotes to drugs is dependent, in part, on the

residual function of LDL receptor. Intensive pharmocologic and dietary therapy has been
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uniformly unsuccessful in receptor negative homozygotes (<2 residual LDL receptor activity,

Ref. 62). More encouraging results have been achieved in receptor defective patients (>2%
residual LDL receptor activity) treated with a combination of nicotinic acid, a bile binder and an

HMG CoA reductase inhibitor (61). An alternative pharmacologic approach to treatment of

homozygous FH involves the use of the drug probucol (78). This lipophilic drug is an
antioxidant that has been associated with regression of xanthomas in some patients (79). Its

mechanism of action is unknown, however, data in the WHHL rabbit suggests that it may inhibit

the formation of oxidized LDL and promote regression of xanthomas (80). Unfortunately, its

beneficial effect on LDL metabolism may be counterbalanced by an associated decrease in HDL.

The most widely used form of therapy for homozygous FH involves repeated purging of

LDL from the blood through the use of plasma exchange or LDL apheresis (4, 66-77). The
longest clinical experience using this approach has been with plasma exchange. Patients treated

every 1 to 2 weeks achieve substantial but variable decreases in serum cholesterol. Plasma
exchange in combination with pharmacologic therapy can lead to a 50% reduction in serum
cholesterol in some patients. A theoretical disadvantage of plasma exchange is that it causes a

depletion of HDL. A protocol of plasma exchange every 1 to 2 weeks for periods greater than 3

years is associated with diminished progression and occasional regression of atherosclerosis in

the coronary arteries and proximal aorta. This, however, is not always the case as exemplified

by a patient who experienced progression of cardiovascular disease during chronic plasma
exchange therapy (81).

Recent advances in this therapeutic concept, called LDL apheresis, have involved the

development of extracorporial devices that selectively remove LDL (75-77). An advantage of

this technique is that it does not perturb HDL levels. The long term consequences of LDL
apheresis remains to be determined. Both plasma exchange and LDL apheresis are complicated

by the necessity of weekly or bimonthly treatments for the life of the patient. No longitudinal

studies have shown an improvement in the morbidity or morality of FH patients using these

procedures.

Several surgical procedures have been attempted to affect more permanent
improvements in FH homozygotes. One approach is to perform an ileal bypass to promote
intestinal losses of bile and cholesterol. FH homozygotes usually do not respond to this

procedure (82). Another approach is to surgically create a portacaval shunt (3, 64, 65). A
review of the experience with portacaval shunts in 45 FH homozygotes described a 25% decline

in serum cholesterol in 38% of the patients (3). Metabolic studies indicate this effect is due
primarily to a decrease in LDL synthesis. The long term consequences of portacaval shunts are

unclear.

The most dramatic and effective treatment of homozygous FH has been orthotopic liver

transplantation with an organ that expresses normal levels of LDL receptor. To date, liver

transplant has been attempted in 4 individuals, three of which were the recipients of a combined
heart and liver transplant procedure (5-9). A summary of these patients are described below.

S.J. was a FH homozygote who underwent a combined heart/liver transplant in 1983 at

the age of 6 (5,6). Her total serum cholesterol fell from 1100 mg/dl to 200-300 mg/dl

following the transplant, and finally to 150-200 mg/dl with the addition of an HMG Co-A
reductase inhibitor. She did well after the operation but eventually developed complications of

immunosuppressive therapy and died in 1991. A combined liver/heart transplant was
unsuccessfully attempted on a 17 year old girl with FH and end-stage cardiomyopathy (7). The
patient died of multiple complications that occurred in the perioperative period. A third

liver/heart transplant was attempted in a FH homozygote by a group in Spain (9). The patient

survived the procedure and realized a 71% decline in total serum cholesterol postoperatively.

The final case was a 12 year old boy with homozygous FH who underwent a liver transplant in
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1986 (8). There was a striking reduction in total serum cholesterol (76% decrease) after the

transplant. The experience with liver transplantation vividly illustrates the importance of

hepatic LDL receptor expression in modulating in vivo cholesterol metabolism. The spectacular

metabolic improvement obtained following liver transplantation must be balanced with the

associated perioperative mortality and substantial long term morbidity secondary to chronic

immunosuppression.

C. Preclinical Studies

Our preclinical studies have focused in on two areas. The majority of our work has
utilized a rabbit animal model for FH. We have used this model to develop the technology of

liver-directed gene therapies and to assess efficacy of LDL receptor gene transfer in vivo. We
have also used liver tissue from donors for orthotopic liver transplantation to develop methods
for isolating and transducing human hepatocytes.

1. Ex Vivo Gene Therapy in the Watanabe Heritable

Hyperlipidemic Rabbit

The animal used in our preclinical studies, called the Watanabe Heritable

Hyperlipidemic rabbit (WHHL), was described in the 1970's by Dr. Watanabe (10). This

animal demonstrates the clinical and metabolic abnormalities similar to those associated with

FH in humans . The WHHL rabbit was instrumental in delineating key steps in the regulation of

cholesterol metabolism and has been very useful in the design and testing of gene therapies for

FH (11,13).

The specific mutation responsible for the WHHL trait is an inframe deletion of 12

nucleotides in the ligand binding domain of the receptor (12). This mutation leads to expression

of a dysfunctional receptor protein that is inefficiently processed and unable to bind ligand (12,

83). Quantitative LDL binding analyses of WHHL derived cells and tissues, and in vivo

measurements of receptor dependent lipoprotein uptake, indicate that the receptor deficiency of

this animal is essentially complete (<5% of control) (84-88). The metabolic consequences of

this defect in rabbits closely resembles those described in patients with FH. In both cases,

there is a selective accumulation of lipoproteins that contain apo B100, the polypeptide which

is specifically recognized by the LDL receptor (i.e., VLDL, IDL and LDL). Lipoproteins not

recognized by LDL receptor remain unchanged except for HDL which is slightly decreased in

both WHHL rabbits and FH patients. The validity of the WHHL rabbit model was initially

questioned when it was noted that the rabbits had elevated levels of both triglycerides and
cholesterols, while FH patients had increased cholesterol but normal triglyceride. This was
subsequently ascribed to unusually high triglyceride content in rabbit derived LDL (11).

The full spectrum of clinical manifestations described in FH homozygotes are observed in

the WHHL rabbit. Peripheral manifestations of severe hypercholesterolemia in the WHHL
rabbit include lesions of the paws which resemble tendinous xanthomas (10). WHHL rabbits,

like FH homozygotes, develop severe atherosclerosis attributable to severely elevated LDL that

is restricted to the coronary arteries and proximal aorta (10). We have used the WHHL rabbit

as a model to develop ex vivo approaches to liver directed gene therapy.

The first step towards the development of these therapies was to design methods for

isolating WHHL hepatocytes and efficiently transducing functional LDL receptor genes into the

cells. A series of retroviral vectors that express the gene for human LDL receptor were
constructed, each differing in the transcriptional elements used to drive LDL receptor

expression (14). Helper-free amphotropic virus stocks representing each construct were then

used to infect primary cultures of hepatocytes that were isolated from newborn WHHL rabbits.
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The efficiency of transduction, as measured by Southern analysis of integrated proviral

sequences, ranged from 20% to 100%. Expression of human LDL receptor was analyzed by blot

hybridization analysis of total cellular RNA and by biochemical and in situ analyses of

transduced cultures for receptor function. The vector in which the expression of LDL receptor

was driven by the viral long terminal repeat sequence produced the greatest quantity of LDL
receptor RNA and protein in WHHL hepatocytes; LDL receptor activity approached normal
levels in these cultures.

The next and more difficult step was to develop methods for transplanting LDL receptor-

expressing hepatocytes into WHHL rabbits in a way that the cells function and persist.

Hepatocytes were isolated from an outbred strain of rabbits that express normal levels of LDL
receptor (New Zealand white strain) and transplanted into WHHL recipients by direct injection

into the portal vein or into the peritoneal cavity attached to microcarrier beads (17).

Transplantation of NZW hepatocytes using either method led to a 25% decrease in total plasma
cholesterol over a 3 to 4 day period with a gradual return to pretreatment levels after 10 days.

The resulting decrease in total plasma cholesterol was due to coordinate decreases in

lipoproteins that are known ligands for the LDL receptor. Transplantation of allogeneic WHHL
hepatocytes into WHHL recipients did not lead to a decrease in total plasma cholesterol.

These experiments indicate that ectopically placed hepatocytes (in liver sinusoids or in

the peritoneal cavity) can function with respect to lowering cholesterol, but only in a transient

manner. Wiederkehr et. al. have demonstrated more prolonged function of transplanted NZW
hepatocytes in WHHL rabbits when the animals were chronically immunosuppressed with

cyclosporin (89). This suggests that the deterioration in LDL receptor function which occurred

in our study was due to rejection of the cells. This could be due to major histocompatability

complex (MHC) incompatabilities between the two strains of rabbits or an immunological
response to the recombinant derived LDL receptor protein on the donor-derived cells.

The feasibility of ex vivo gene therapy in the WHHL rabbit was demonstrated in a
modification of the allogeneic experiments described above (16). Liver was harvested from a
WHHL rabbit and hepatocytes were harvested and plated in primary culture. Recombinant genes
were transduced into 10-20 % of the cultured hepatocytes which were harvested 4 days after

the initial plating and transplanted into a group of WHHL recipients. Our colony of WHHL
rabbits are outbred so this would constitute an allogeneic transplant.. There were two
experimental groups: animals that received allogeneic WHHL hepatocytes that were either

mock-infected (N=6) or infected with recombinant retroviruses that contain a functional

human LDL receptor gene (N=7).

Analysis of the primary cultures prior to transplantation indicated that the bulk

population of cells expressed levels of recombinant LDL receptor protein and RNA in excess of

that found in NZW hepatocytes. The metabolic consequences of hepatocyte transplantation was
assessed by measuring changes in total serum cholesterol. No significant change in serum
cholesterol was noted in animals that received mock infected hepatocytes. However, a
substantial (30-40%) but, again, transient decline in serum cholesterol was achieved after

transplantation of the LDL receptor transduced cells.

Transplant recipients were further characterized with respect to recombinant gene
transfer and expression. Liver tissue was harvested 10 minutes, 24 hours, and 19 days after

transplantation of the LDL receptor transduced hepatocytes and analyzed for the presence of

recombinant-derived RNA by RNase protection and proviral DNA by the polymerase chain

reaction. Recombinant human LDL receptor RNA was detected 10 minutes and 24 hours after

transplantation at 2-4 % the level of the endogenous transcript. Proviral DNA was also detected

at both time points. Analysis of tissue harvested 19 days after transplantation detected neither

the proviral DNA or the recombinant RNA.
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The short term fate of the transplanted cells was studied by in situ hybridization using a

cRNA probe specific for vector-derived sequences in the recombinant transcript. Analysis of

liver sections revealed transduced hepatocytes in a periportal distribution. This is consistent

with the hepatocytes seeding in sinusoids soon after leaving the portal venule.

These studies illustrate several important points regarding the feasibility of ex vivo

gene therapy for FH. Reconstitution of only 4% of LDL receptor expression at the RNA level

leads to a 30-40% decline in total serum cholesterol. This observation is consistent with

studies in FH homozygotes which have demonstrated an inverse correlation between residual

LDL receptor activity and serum cholesterol (41).

We next sought to modify the protocol to achieve more prolonged, if not permanent,
metabolic improvement. Our strategies to improve the therapy are based on the hypothesis that

the rapid deterioration of LDL receptor function in the allogeneic ex vivo experiments is due to

rejection caused by immune responses to the allogeneic cells or to the human LDL receptor

protein.

We have overcome these potential problems in a second series of experiments (18). A
full-length cDNA clone for rabbit LDL receptor was isolated and cloned into retroviral vectors.

High titer amphotropic producers were made with a vector that expresses rabbit LDL receptor

from a (3-action promoter. Viruses that express the lacZ gene from the viral LTR were used in

control experiments. A group of WHHL rabbits underwent partial hepatectomies and the liver

tissues were used to prepare hepatocytes and establish primary cultures. The cultured

hepatocytes were exposed to the second generation viruses described above, harvested, and
transplanted into the spleen of the animals from they were derived. The majority of the cells

immediately passed through the spleen into the portal circulation and seeded the liver. Animals

transplanted with LDL receptor transduced hepatocytes (N=5) demonstrated a 30-50%
decrease in total serum cholesterol that persisted for the duration of the experiment (122

days). No significant change in serum cholesterol was noted in animals that received lacZ
transduced hepatocytes (N=7). RNase protection assays demonstrated recombinant derived LDL
receptor RNA in liver and spleen tissues harvested up to 6.5 months after transplantation. No
diminution in recombinant RNA was noted during this time period. Albumin expressing cells

were detected in spleens of transplant recipients indicating that the transplanted cells retained

differentiated function in vivo. Transplant recipients did not develop a serologic response to

wild type rabbit LDL receptor protein as determined by Western blot analysis.

These studies represent a substantial improvement over previous experiments of

allogeneic hepatocyte transplantation [i.e., WHHL hepatocytes expressing human LDL receptor

protein (16) or hepatocytes derived from a wild type rabbit(17, 89)] in WHHL rabbits which

demonstrated transient metabolic effects in the absence of immunosuppressive therapy . The
only available prolonged treatment of FH, allogeneic orthotopic liver transplantation, also

requires immunosuppression with its associated morbidity (5-8). The major advantage of ex
vivo gene therapy with autologous hepatocytes, as demonstrated in this animal model, is that

long term function can be achieved in the absence of immunosuppressive therapy. Our
experiments also address the potential complication of destructive immunological responses to

the recombinant LDL receptor protein in recipients that had not previously been exposed to LDL
receptor proteins. Functional stability of the transduced cells in vivo and the absence of a

serological response to the wild type receptor suggests that immunological rejection may not be

a confounding or limiting problem.

[162] Recombinant DNA Research, Volume 15



2. Isolation and Transduction of Human Hepatocytes

A portion of liver tissue from 4 different donors, labeled Z1 through Z4, was used for

hepatocyte isolation (19). Liver sections from three of the donors were available because the

organ had been surgically reduced prior to transplantation; the fourth organ had been harvested

but rejected for transplantation because the donor was hemodynamically unstable and had
elevated liver function tests. The organs were perfused with UW solution (Z1, Z2, Z3) or Euro-

Collins solution (Z4) and stored for variable periods of time prior to hepatocyte isolation (30
min to 36 hrs). The age of the donor ranged from 22 months to 44 years.

Hepatocytes were isolated by collagenase perfusion of the major vessels using a

modification of the technique shown to be successful in isolating hepatocytes from rabbits (16).

The viability of recovered hepatocytes ranged from 85 to 98 %, while the recovery of viable

cells ranged from 3 to 33 x 106 cells/gm wt wet of tissue. The hepatocytes were plated

overnight in hormonally defined medium (HDM) containing fetal bovine serum onto Primaria

tissue culture plates, and were subsequently maintained in serum free HDM. Plating

efficiencies ranged from approximately 50 to greater than 95 %. The cultures were seeded at

various subconfluent densities and rapidly grew to confluence within 72 hours of the initial

plating. Hepatocytes were maintained in primary culture for a total of 4 to 5 days.

A series of experiments were performed to maximize the efficiency of retroviral

mediated gene transfer. Two recombinant retroviruses were used to infect the primary

cultures from each patient; both types of virus were produced in the amphotropic packaging cell

line ¥ CRIP (90). The first recombinant virus was produced from the previously described

BAG vector that expresses the lacZ gene from a transcript initiated at the 5' LTR and a gene
encoding Neomycin from SV40 sequences located internal to the viral transcriptional unit (91).

The second recombinant virus was produced from a vector called AFP-BA-rLDLR which
expresses rabbit LDL receptor from a transcript initiated at promoter sequences that are

derived from the chicken p-actin gene along with enhancer sequences from the mouse alpha-

fetoprotein gene (92). The relative titer of each virus was estimated by infecting subconfluent

plates of NIH3T3 cells and harvesting total cellular DNA for Southern blot analysis. BAG
infected cells contain approximately 0.5 copy of proviral DNA per cell while LDL receptor

infected cells contain approximately 1 copy of proviral DNA per cell.

Based on our previous experiences with primary cultures of rat (93) and rabbit (14,

18) hepatocytes, we developed a protocol for efficiently infecting human primary hepatocytes

(19). The protocol was designed to maximize gene transfer and minimize the time the

hepatocytes are maintained in culture. Hepatocytes were seeded at different densities (2 or 4 x

10 6 per 10 cm plate) and exposed to the viruses for a single 12 hour period beginning 48 hrs

(day 2) or 72 hrs (day 3) after initial plating. Cells were harvested 48 hrs after completion

of the infection and total cellular DNA was prepared for blot analysis to estimate the abundance
of integrated proviral DNA in the unselected population. Efficiency of gene transfer with the

LDL receptor virus ranged from a maximum of 1 proviral copy/diploid genome for Z1 to a

minimum of 0.1 proviral copies/diploid genome for Z2. Infection efficiency was consistently

highest when the cells were exposed to virus 48 hrs after plating; density of plating did not

consistently affect the efficiency of gene transfer. The absolute level of gene transfer was less

with the lower titer BAG virus although the effects of plating density and time of exposure to

virus on gene transfer were similar.

Expression of the integrated LDL receptor provirus in human hepatocytes was studied by
RNA blot analysis which measures the steady state level of recombinant RNAs. The AFP-BA-
rLDLR vector contains two transcriptional units: transcription from the 5’ LTR produces a 5.6

kb RNA responsible for passage of the virus, while a transcript initiated at the p-actin
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promoter produces a 3.4 kb transcript responsible for translation of the LDL receptor protein.

The 3' LTR in the plasmid vector, which has been deleted of enhancer sequences, forms the

template for both LTRs in the integrated provirus (94). The rationale for this modification is

to minimize the LTR transcript and maximize the translated p-actin transcript in the infected

cells. Both the 5.6 kb and 3.4 kb recombinant derived LDL receptor transcripts were detected

in infected hepatocyte cultures from each donor. As expected, the smaller transcript initiated

from the internal promoter was more abundant than the larger LTR initiated transcript.

Hepatocyte cultures transduced with either the BAG or the LDL receptor virus were
analyzed for recombinant gene expression using cytochemical analyses. Expression of E. coli p-

galactosidase in the BAG transduced cells was detected with a histochemical stain using the

chromogenic substrate X-gal that produces a diffuse blue cytoplasmic precipitate (91). This

analysis demonstrated lacZ expression in approximately 10 to 25 % of cells thereby confirming

the estimate of gene transfer provided by Southern blot analysis (0.3 proviral copies per cell).

Expression of recombinant LDL receptor protein was analyzed using an in situ functional assay
which detects uptake of fluorescent labeled LDL (14). Mock infected hepatocytes demonstrated
low levels of fluorescence representing uptake via the endogenous receptors. Analysis of LDL
receptor transduced hepatocytes revealed a subpopulation of highly fluorescent cells comprising

approximately 20% of the culture. This result indicates that the recombinant derived receptor

is functional and can be expressed at levels in far excess of the normal endogenous receptor.

3. Ex Vivo Gene Therapy in Nonhuman Primates

a) Aims.

i) To demonstrate the feasibility of performing ex vivo gene therapy at a

scale that would be used in humans.

ii) Assess the short term toxicity and risks of the proposed procedures in

a nonhuman primate.

b ) Rationale and Experimental Strategy.

These experiments were designed to exactly simulate the proposed human experiment

using nearly identical reagents and methods. The only conceptual difference between the human
experiments and the baboon studies relates to the potential immunological consequences of ex
vivo gene therapy. In the former studies, human LDL receptor is expressed in a genetically

deficient human, whereas, in the latter studies a human LDL receptor is expressed in a normal

baboon.

The basic design of the experiment is summarized in Table 2. The animal is subjected to

a preoperative evaluation to identify any pathology that may confound the experiment. On day 0

the animal is taken to the operating room where it undergoes a partial hepatectomy (resection of

the left lateral segment) and placement of an indwelling catheter into the portal circulation.

The catheter is inserted into the proximal segment of the inferior mesenteric vein and the vein

is ligated distally. The distal end of the catheter is tunneled subcutaneously to a posterior

position and exited percutaneously between the scapulae where it is inaccessible to the animal.

The resected liver tissue is immediately taken to the laboratory where it is perfused

with collagenase to release hepatocytes. The resulting cell suspension is plated in primary

culture on tissue culture plastic at a density of 2 to 4 x 106 cells per 10 cm plate. Viral stocks

from the human LDL receptor #132-10 are placed on the primary cultures for a 12-16 hr

period approximately 48 hours after the initial seeding of hepatocytes. Following this exposure
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to virus, the cells are harvested with trypsin and resuspended in normal saline containing

heparin. In preparation for cell infusion the animal is anesthetized and taken to the fluoroscopy

suite where a portal venogram is performed through the indwelling catheter to document the

patency and placement of the catheter as well as the patency and integrity of the portal

circulation. The cells are then infused into the catheter via the indwelling catheter in two

aliquots (25 ml of cell suspension per aliquot each infused over 10 min).

In our initial experiments we plan to leave the catheter in place following cell infusion

and to flush it with a heparin containing solution approximately 2-3 times per week. The
purpose of this is to determine the length of time that the catheter will stay patent and in the

vessel. Approximately 2 weeks after cell infusion, the animal will be taken to the fluoroscopy

suite where a portal venogram will be done to assess catheter placement and patency. A
laporotomy will then be performed to identify any intra-abdominal pathology and to obtain a

small amount of liver tissue for histological analysis.

Table 2. Protocol For Preclinical Studies in the Baboon

Time Event

(-) Day 7 - Clinical evaluation to include blood

chemistry/hematology

Day 0 - Liver resection and catheter placement
Tissue/blood saved for analysis

- Hepatocytes isolated and plated in primary culture

Day 2 - Viral supernatant placed on cultured hepatocytes

Day 3 - Patency of catheter checked by portal venography

- Hepatocytes isolated and infused into catheter

- Cells and supernatants saved for analyses

Day 1 0 - Blood obtained for analyses

Day 13 - Patency of catheter checked by portal venography

- Laparotomy to assess gross pathology and to obtain

liver tissue for histology.

c) Results of first baboon experiment

We have completed our first baboon experiment with a second experiment planned for

September or October. The first animal was a 17 kg juvenile male baboon (B206). A summary
of the experimental results is provided in Table 3. The animal was taken to the operating room
where the left lateral segment of the liver was resected without complication (See operative

note). A Broviac catheter was placed in the inferior mesenteric vein as described above. The
liver tissue, weighing 35 gm, was taken to the laboratory where it was perfused with

collagenase to release hepatocytes. Approximately 0.7 x 109 cells were recovered with 98 %
viability based on exclusion of trypan blue. The cells were plated onto 225 10 cm Primaria
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plates and exposed to the human LDL receptor expressing retrovirus (#132-10) 48 hrs after

seeding. Following 12-16 hrs of exposure to virus the cells were washed and harvested. A total

of 2 x 109 cells were recovered with 98 % overall viability. Analysis of several plates of cells

demonstrated gene transfer and high level of LDL receptor expression in 30 % of the cells. The
animal was taken to the fluoroscopy suite and a portal venogram was done demonstrating patency

and the correct placement of the catheter as well as a completely patent portal circulation. The
hepatocytes were infused into the catheter in two aliquots as described above without apparent

toxicity. Cell infusion was associated with a small increase in portal pressure which was
transient (see Table 3).

Table 3. Summary of First Baboon Experiment

1 . Animal - 17 kg male baboon

2 . Liver resection and isolation of hepatocytes (day 0)
- left lateral segment removed (35 gm)
- Broviac catheter placed in inferior mesenteric vein

(portal pressure - 7 cm H2 O)

- 0.7 x 109 cells isolated with 98% viability

- cells plated onto 225 10 cm plates

- animal tolerated procedure extremely well

3.

4.

LDL receptor transduction of the cultured hepatocytes
- Dil-LDL assay - high level overexpression of LDL receptor in 30% of the cells

Harvest and infusion of hepatocytes (day 3)

- Hepatocytes harvested in two batchs:

Batch #1 - 1.2 x 109 with 97 % viability

Batch #2 - 0.8 x 109 with 98% viability

- Hepatocytes infused

Catheter and portal circulation fully patent by portal venography
Cells Infused in two aliquots without complication

Summary of portal pressures

initial catheter placement (day 0) 7 cm H2O
prior to infusion #1 (day 3) 4 cm H2O
after infusion #1 (day 3) 10 cm H2O
after infusion #2 (day 3) 14 cm H2O
at laporotomy (day 13) 9 cm H2O

- animal tolerated the procedure extremely well

5. Laporotomy (day 13)

-Catheter found detached from mesenteric vein, no gross pathology

-portal venogram demonstrated fully patent portal vein and intrahepatic

portal venous branches with no evidence of intraluminal filling defects

-pressure - 9 cm H2 O
-Needle biopsy of liver performed (no histopathology noted)

In the human protocol we would have withdrawn the catheter immediately after the

infusion of cells. In the baboon experiment, we elected to keep the catheter in place for a longer

period of time to determine its long term stability and patency. This was complicated by the fact
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that it was impossible to flush the catheter more frequently than 2-3 times a week (the animal

had to be anesthetized each time) and it was impractical to completely restrain the animal from

dislodging the catheter. We were able to flush and/or withdraw blood from the catheter for at

least 7 days after the cell infusion suggesting that the catheter was in place and patent. By day

10, however, we were unable to withdraw blood. On day 13 the animal was taken to the

operating room where a laporotomy was performed. As suspected, the catheter was detached

from the inferior mesenteric vein. There was no intra-abdominal gross pathology; the sites of

partial hepatectomy and catheter insertion were well healed. An intraoperative portal

venogram revealed a fully patent portal vein and intrahepatic portal branches without any

evidence of intraluminal filling defects. The portal pressure was essentially identical to the

pressure measured when the catheter was initially placed. A needle biopsy of the liver was
taken. No histopathology was noted.

The postoperative course of this animal has been unremarkable. Extensive analysis of

blood chemistries and hematologies revealed no abnormalities except for a minor and transient

increase in liver function tests immediately after partial hepatectomy (Table 4).

The operative note from the partial hepatectomy, tube placement and cell infusion is

provided below.

.QO-Note on partial h epatectom y and catheter placement (8/19/91);

Anesthesia- Ketamine and atropine. Intubated without difficulty.

Prep- Shaved over abdomen and left shoulder blade. Position for Hickman
marked by placing B206 into vest. Tied flat with sterile dressings underneath to allow

catheter placement. Prepped with Betadine spray.

Operation- Left subcostal incision, well muscled; more difficult to go through the

rectus with no muscle relaxant. Peritoneal cavity entered and adhesions to anterior

abdominal wall encountered. Triangular ligamentous attachments to the left lobe were
identified and divided with the cautery back to the vascular pedicle. A medium Satinsky

was placed across the pedicle and clamped. The clamp was placed very carefully to avoid

encroachment on the remaining hepatic veins. The liver was transected and a centimeter

of tissue was left. Blood loss was minimal. An O vicryl on an SH needle was used to

transfix the vascular pedicle just under the clamp. The liver remnant was trimmed

carefully so as not to cut the suture. The adhesions to the anterior abdominal wall were
divided and the inferior mesenteric vein was identified. Overlying peritoneum and small

branches were divided. The vein was dissected for about 1.5 cm. Two 3-0 silks were

used to occlude the vein. Next, the tunnel to the posterior scapular region was made by

rolling B206 onto its right side and making a skin incision. The tunnel was made and the

catheter was pulled through so that the Dacron cuff was about 2 cm beneath the skin. The
catheter was brought through the abdominal wall lateral to the rectus and tailored to

size. A partial transection of the IMV was made with about 5 ml blood loss due to getting

the catheter into the vessel. It was necessary to get suction. The catheter was tied in the

vein so that about 2 cm remained in the vessel. Good blood return was seen in a syringe

of heparinized saline (saline containing 1-10 u/ml). The fascia was closed in two

layers with 0 vicryl running and the skin was closed with staples. Sterile furacin spray

and dressings were applied. The catheter was secured with a 3-0 nylon suture. The vest

was applied and the baboon was allowed to recover in its cage.

Op Note on cell infusion (8/22/91);

Animal sedated and intubated and transported to fluoroscopy suite. Placed on

fluoroscopy table and the catheter was irrigated. Good blood flash. 27cc of Conray 60

was then used to shoot two films. The first was underpenetrated. Half of the cell infusate
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arrived and was infused after mixing with 2.5cc of 1000 u/ml heparin. The solution

was frequently agitated and infused at a rate of 2.5 ml/min (25 ml total;10 minute
infusion period). The rest of the cell infusate arrived and were infused in the same
manner. B206 was under anesthesia for the same length of time as for the original

operation.

Table 4. Blood Chemistries and Hematologies From the First baboon Experiment.

Normal Data From Time Points

Controls 8-13 8-20 8-22 8-23 8-26 8-29 9 - 5

Chemistry
Glucose 50-129 77 75 109 1 05 1 09 65 87
Creatinine 0.8-1 .4 1 .3 1.5 1 .4 1 .3 1 .09 1 .44 1 .64

BUN 9-25 1 4 1 6 8 8 1 4 1 0 1 9

Cholesterol 68-232 85 80 82 76 74 85 87
Triglycerides21-75 69 37 49 79 65
T. Protein 5. 8-7.

8

6.4 6.6 6.5 6.1 6.4 7.51 7.2
Albumin 2. 9-4.

2

4.7 4.4 4.0 4.0 4.2 4.5 4.91
Globulin 2. 4-4.

4

1 .75 2.1 2.6 2.2 2.2 3.0 2.29
T. Bilirubin 0.3-0.

7

0.19 0.16 0.33 0.31 0.1 0.2 0.07
Calcium 8. 0-9.

6

9.9 9.9 9.1 9.1 9.2 10.1 10.6
Phosphorus 5.8 7.4 7.0 6.3 6.2 8.1 8.2
SOOT 1 6-39 62 139 47 67 53 41 31
SGFT 12-81 57 141 109 1 1 8 66 60 33
LDH 99-488 308 550 240 214 227 71 1 149
Alk.Phos. 1 54-1 1 05 455 51 1 428 389 340 559 454
GGTP 28 29 27 26 24 26 28
Sodium 1 43-158 1 44 1 49 141 1 42 147 1 44 1 42
Potassium 3. 2-4.

3

4.2 4.1 4.0 3.8 4.0 4.0 3.5
Chloride 1 04-1 1

8

106 97 96 98 9 9 1 05 1 08
CPK 742 2877 667 975 93 473

Hematology
HGB 8.7-13.9 14.0 13.4 13.9 13.3 12.2 13.4
HCT 31-43 42
WBC 5.9-20.8 4.6 5.9 5.2 4.1 3.7 4.2 4.7
segs% 22-85 68 74 52 34 28 43 34
lymphs% 12-75 28 1 8 4 1 52 66 48 56
eos% 0-5 0 1 0 5 3 5 2

baso% 0-1 0 0 1 2 2 0

mono% 0-4 4 7 6 7 3 2 8

PLT 205-451 354 351 483

III. Experimental Design

A. Overall Summary

We propose to perform ex vivo gene therapy on three patients with homozygous FH. A
group of patients with advanced CAD who have a poor prognosis will be considered in these

initial experiments. This treatment will be considered an adjunct to more traditional therapies

which will be resumed 6 weeks after the gene therapy. Prognosis will be determined during a
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careful pretreatment evaluation that may include cardiac catheterization. Patients will be

excluded from the protocol if 1) cardiac evaluation indicates a relatively good prognosis, 2)

operative risks are too great, and 3) a second dyslipidemia or concurrent hepatobiliary disease

is present. Children and adults will be considered potential candidates.

The important steps in the evaluation and treatment of the patients are summarized in

Table 5. The indicated time frame is based on defining Day 0 as the time of liver resection.

Table 5

Events Time

1 . Begin diet, withdraw drugs, receive last plasma exchange (-) 6 weeks

2. Admit to CRC for 2-3 days (-) 4 weeks
Initial evaluation will include physical exam, history,

blood work, echo with doppler, and possibly ETT or

cardiac catheterization

3.

Biweekly blood draws to establish metabolic baselines (-) 4 weeks to (-) 1 week

4

.

Admit to CRC for gene therapy (-) day 7 to (-) day 10

A. Preoperative evaluation (-) day 7 to (-) day 1

B. Liver resection day 0

C. Hepatocyte infusion (+) day 3

D. Post operative evaluation (+) day 3 to (+) day 10

Post treatment evaluations as outpatient

A. Biweekly blood work x 4 weeks (+) day 10 to (+) week 4

B. Weekly blood work x 6 months (+) week 4 to (+) month
C. Resume pretreatment therapies (+) week 6

D. Percutaneous liver biopsy (+) month 3

The patient will undergo preliminary evaluation during a 6 week period prior to the

treatment to assess their suitability for the procedure and establish metabolic baselines. The
patient will then be admitted to the hospital for the gene therapy which will include the

following procedures. The patient will be subjected to partial hepatectomy to remove the left

lateral segment of the liver. This biopsy represents approximately 20% of the total liver by

mass and weighs approximately 70 gm if removed from a 4 year old. Approximately 5 x 109

hepatocytes will be isolated from the biopsy and the cells will be plated in primary culture.

Recombinant retroviruses capable of transducing the gene for human LDL receptor will be
exposed to the cells for a 12-16 hour period approximately 48 hours after the initial plating.

Following exposure to virus (60 hours after partial hepatectomy) the cells will be harvested,

washed, and infused into the portal circulation of the patient via a percutaneous catheter

inserted at the time of the partial hepatectomy.

The patient will be analyzed for engraftment of functionally corrected hepatocytes at

several levels. A series of measurements will be performed to assess the effect of hepatocyte

engraftment on cholesterol metabolism in vivo. In addition, liver tissue will be harvested 3

months after the gene therapy by percutaneous liver biopsy and will be analyzed for the
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presence of recombinant derived RNA and DNA using a variety of molecular techniques. We have
not included as part of the protocol an assessment of the effect of gene therapy on morbidity or

mortality due to CAD. This would be extremely difficult in light of the heterogeneity of the

disease and the limited number of patients to be enrolled in the study. The patients will also be
carefully monitored for immunological responses to the recombinant derived receptor protein

as well as morbid sequalae of cell transplantation and/or gene transfer.

We believe that this therapy has a reasonable chance of diminishing the steady state level

of cholesterol in the recipient which could blunt the progression of CAD. An additional benefit

from these experiments is that we will learn more about the feasibility of ex vivo gene therapy

which will be extremely helpful in the development of other morbid inherited metabolic

diseases.

B. Patient Evaluation and Selection

Homozygous FH is an extremely morbid disease which leads to premature death due to

sequelae of coronary artery disease (2). The natural history of homozygous FH was reviewed in

Section II. B.3. In brief, the level of residual LDL receptor activity is an important predictor of

outcome: receptor negative patients (those that retain less than 2% residual receptor activity)

die at an average age of about 11 to 12 years old (42, 43), whereas, receptor defective patients

(those that retain greater than 2% residual receptor activity) die at an average age of 18 to 26

years old (43-48). There is no proven effective therapy for this disease, however, most
patients are treated with plasma exchange or LDL-apheresis, or intensive pharmacologic
therapy (2).

The patient population we are targeting for first attempts of gene therapy are

homozygous FH patients whose CAD is advanced to the point where their prognosis is poor but

they are still acceptable surgical candidates. We have elected not to subject this experimental

therapy to patients whose prognosis is relatively good because of the relatively unknown risks

associated with the procedure. Patients will be subjected to an extensive evaluation in order to

assess their eligibility. A flow chart of this evaluation is provided in Figure 1.

Patients with documented homozygous FH and symptomatic CAD will be evaluated for

eligibility in this protocol. The diagnosis of FH will be based on the criteria of Sprecher et al.

(43) which include a) elevated LDL cholesterol (>500 mg/dl), b) autosomal dominant mode of

inheritance, c) early onset tendinous and tuberous xanthomas, and d) LDL receptor binding in

cultured fibroblasts less than 20% of normal. An assessment of LDL receptor activity in

fibroblasts will also be used to stratify this population of patients into low (receptor defective)

and high (receptor negative) risk groups. Symptomatic CAD will be defined by the presence of

angina pectoris or a history of myocardial infarction.

Previous studies reviewed in Section III.B.3 indicate that receptor negative patients with

symptomatic CAD have an extremely poor prognosis; average age of death is approximately 1 1 to

12 years of age (42, 43). This group will, therefore, be considered candidates for gene therapy

and will be further evaluated by the pediatric or adult cardiology service to assess the risk of

surgery. The specific evaluation to be performed will depend on the consult services as well as

the age and condition of the patient. A general approach to this evaluation is summarized in the

flow chart (Figure 1) and described below.

Initial cardiac evaluation of this group will include a history and physical exam, and an

echocardiogram with doppler to assess left ventricular function and the possible existence of

supravalvular or valvular aortic stenosis. Patients will be excluded from the protocol by the

presence of any one of the following: 1) unstable angina pectoris, 2) left ventricular ejection

fraction less than 30%, 3) decompensated congestive heart failure, 4) untreated ventricular
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tachycardia, and 5) moderate to severe aortic stenosis (95, 96). Patients who are not excluded

following this initial evaluation will be considered candidates for gene therapy if the operative

risks are considered acceptable by the consultation services. It is likely that the patient will

undergo a noninvasive evaluation for CAD preoperatively such as an exercise or dipyrimodale

stress thallium test, and possibly a coronary angiogram. This will be left to the. discretion of

the consultation services.

We will also consider the lower risk, receptor-defective, patients if their CAD has
advanced to the point where their prognosis is poor. The studies reviewed in Section II.B.3 on
the natural history of homozygous FH do not specifically stratify the receptive defective

population with respect to relative risk of mortality due to CAD. We will attempt to identify

patients within this group who have increased risks of CAD by extrapolating from studies on
normolipidemic populations.

The most important predictor of mortality due to CAD in the normolipidemic population

is the anatomy of the coronary arteries as determined by coronary angiography. A selected

review of this literature is provided below. Lim et al. followed a group of 141 patients with

disease of the left main coronary artery (97). Mortality at 1 year was 22% and at 5 years was
52%. Prognosis was substantially worse in patients with decreased left ventricular function.

Bruschke et al. determined the 5-year cardiac mortality in patients with symptomatic CAD who
underwent cardiac catheterization (98). Mortality was highest in those with 3 vessel disease

(54%) or left main coronary obstruction (57%). These data provide a maximal estimate of

survival for FH homozygotes who have the same coronary anatomy and left ventricular function.

One would expect, however, that the progression of CAD to be much more accelerated in FH
homozygotes. Therefore, the prognosis may be much worse in the homozygous FH population

than predicted by the studies in the normolipidemic population. This hypothesis is supported by
the study of Kramer et al. where progression of CAD was quantified by serial coronary
angiograms in several groups of patients symptomatic with CAD including FH heterozygotes, FH
homozygotes, and patients with no dyslipidemias (99). CAD progression was greater in

heterozygotes than in normolipidemic patients, and was 3-fold greater in homozygotes than in

heterozygotes. We propose that FH homozygotes with 3 vessel or left main disease have 1 and 5
year survival rates significantly worse than 20 and 50%, respectively.

A second group of receptor defective patients that likely has a relatively poor prognosis

are those who have undergone coronary revascularization (usually for triple vessel or left main
disease). An estimate of survival in this group again must be extrapolated from a broader
experience in the normolipemic population. Patients undergoing coronary revascularization

have a slightly improved survival over those treated medically (100). The prognosis in FH
homozygotes will likely be much worst because even modest hypercholesterolemia accelerates

the rate of reocclusion of the bypass grafts (101).

The strategy for evaluating receptor defective FH patients is summarized in Fig. 1.

Receptors defective FH homozygotes that have symptomatic CAD will undergo a noninvasive
cardiac evaluation to identify any contraindications which would exclude the patient from the

protocol. The exclusion criteria have been listed above. Patients with no contraindications will

undergo further testing to better assess prognosis. Any patient with a history of coronary
revascularization will be considered to have advanced disease and therefore will be a candidate.

A coronary angiogram will be performed in the remaining patients to identify those with severe
disease that have a relatively poor prognosis. Severe disease will be defined as 1) significant

stenosis of the left main coronary artery, or 2) stenosis and/or occlusions in all three of the

major coronary arteries (right coronary artery, left anterior descending coronary artery,

circumflex artery). Patients with mild to moderate CAD have a more favorable prognosis and
would not be eligible for gene therapy because the risks of this invasive and innovative therapy
would no justify the benefits in this relatively stable population. Patients with severe disease
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will be evaluated for coronary revascularization or angioplasty prior to and irrespective of the

gene therapy. These patients will be considered candidates for gene therapy after this evaluation

is completed and the recommendations are implemented (i.e., coronary revascularization,

angioplasty, or medical therapy).

Patients will also be evaluated for evidence of a second dyslipidemia or hepatobiliary

disease. Evidence to suggest the presence of either concurrent condition will exclude the patient

from participating in this study.

An initial evaluation will be done 1 month prior to the procedure. The purpose of this

evaluation is to establish the eligibility of the patient for the protocol and to establish baseline

metabolic parameters. The patient will be placed on an American Heart Association Phase III

diet 2 weeks prior to the initial evaluation. All drugs that may affect cholesterol metabolism
and plasma exchange or LDL apheresis treatments will be discontinued two weeks prior to the

visit. The following studies will be done:

i. History and physical exam

ii. General laboratory studies; and rule out hypothyroidism, azotemia, significant

proteinuria, diabetes, obstructive hepatobiliary disease:

CBC, platelets, differential

Erythrocyte sedimentation rate (ESR)
Complete urinalysis

Test panel II; electrolytes, glucose, creatinine

Test panel IV; calcium, phosphorus, protein, albumin, bilirubins, ALT, AST,
alk phos, LDH, uric acid,

Glycosylated hemoglobin

TSH

iii. Assess liver function;

above, plus protein electrophoresis

iv. Assess coagulation status:

Prothrombin time

Partial thromboplastin time

Bleeding time

v. Assess lipid/lipoprotein status:

Fasting cholesterol, triglycerides, HDL-C, LDL-C
Lipoprotein electrophoresis

LPP fractionation

CHOL & TG in LDL, IDL, VLDL, HDL, and chylos

Apo Al, AIV, B1 00, Cll, Clll, E, Al, A2
Free fatty acids

vi. Assess other atherogenic potentials:

Fibrinogen

PA I

LP (a)

vii. Cardiac evaluation:

EKG
Echo with Doppler
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PATIENT EVALUATION TO DETERMINE
ELIGIBILITY FOR GENE THERAPY

FH Homozygote with

Symptomatic CAD

Receptor Status?

Negative
Defective

Cardiac Eval

-History and physical

-Echo with Doppler

Contraindications No Contraindications

ot Eligible Additional Cardiac Eval:

ETT +/- Angiogram

Cardiac Eval

-History and physical

-Echo with Doppler

Contraindications No Contraindications

Not Eligible
Previous CABG?

CANDIDATE

Yes No

Additional Cardiac Eval: Angiogram

ETT +/- Angiogram

CANDIDATE

Minor Disease

Not Eligible

Severe Disease

Consider

for CABG

CANDIDATE
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C. Vectors and Viruses

• 1. Vectors for transfer and expression of human LDL receptor

The proviral components of these vectors are mainly derived from the previously

described vector DOI (104) are presented as follows: The parent vector BA-(h)LDLR has been
described in a previous publication (14). The general structure of the vector will be described

below. The backbone structure of this vector includes an intact 5' LTR of Moloney murine

leukemia virus (Mo-MLV) with additional Mo-MLV sequences between the 5'LTR and the

internal promoter spanning nucleotide 146 at the border of U5 to the natural Xho I site in the

gag coding region at nucleotide 1560 (with the exception that a Sac II linker was inserted at the

Hae III site at nucleotide 624; see Ref. 105) The plasmid also contains wild-type Mo-MLV
sequences from the Cla I site at nucleotide 7674 (which was converted to Bam HI site with

synthetic linkers) to the end of the 3' LTR. Sequences containing the viral enhancer elements of

the 3' LTR from the Pvu II site at nucleotide 7933 to the Xba I site at nucleotide 8111 have been
deleted. In addition to these sequences, there are flanking mouse genomic DNA and pBR322
sequences (spanning the Hind III site to the Eco Rl site). The initial promoter used in this

vector was derived from a Xho I to Mbo I fragment of the chicken p-actin gene spanning

nucleotides -266 to +1 (106). The Mbo I site was converted to a Bam HI site and the modified

p-actin fragment was cloned into the parent vector. The LDL receptor coding sequences were
derived from a 2.6 kb Hind III fragment of a full-length cDNA fragment (Ref. 54; provided by D.

Russell, J. Goldstein, and M. Brown). The Hind III sites were converted to Bel I sites and the

cDNA was cloned into the Bam HI site of the vector. This cDNA fragment contains the entire

coding sequence with 13 base pairs (bp) of 5' untranslated sequence (AGCTTAATACACA) and 5 bp
of 3' untranslated (ATCAG). An enhancer was introduced into the Xho I site of BA-(h)LDLR
vector. These sequences were derived from an area 5' to the immediate early (IE) gene of

human cytomegalovirus [from Spe I (at -580 of IE gene) to Pst I (site in vector sequence) of

CDM8, Ref. 107] were subcloned into PUC19. A portion containing IE enhancer sequences was
removed on a Xho I (from polylinker) to Nco I (-220 of the IE gene) fragment (for numbering

of IE enhancer see Ref. 108). Synthetic linkers were used to convert the Nco I site to a Xho I

site and the modified fragment was cloned into the unique Xho I site of BA-(h)LDLR located 5' to

the p-actin promoter. This new vector is called CMV-BA-(h)LDLR. The structure of this

vector is presented in Fig.2.

2. Description of the CMV-BA (h) LDLR retroviral sequences

The complete nucleotide sequence of the proviral component of this plasmid is currently

being determined by Lark Sequencing Technologies Inc. Sequence determination is being

performed in compliance with FDA/EPA Good Laboratory Practices. The region to be sequenced

has been subcloned as two overlapping restriction fragments into pBluescript II (Stratagene)

and pGem5Zf (Promega). Nested deletion clones are being generated in both directions for each

of the subclones using a modified exo III/S1 nuclease procedure. These deletion clones will be

size selected to provide complete coverage of each strand and sequenced using the

dideoxynucleotide termination procedure. Internal sequencing primers will be synthesized and

used to close gaps between contigs and to fill in any single-stranded regions. Anticipated

completion of this project is November 1,1991.

3. Isolation of the LDL receptor virus producing cell line

#132-10

Viral-producing cell lines were isolated for each vector using the amphotropic

packaging cell line vP-Crip (90). 'F-Crip is an amphotropic packaging cell line constructed by

Dr. Olivier Danos in Dr. Richard Mulligan's laboratory. A brief review of the construction of

this cell line is provided below. 'F-Crip cell line was constructed by transfecting the gag-pol
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and env functions on separate constructs into NIH3T3 cells. The original paper describing the

isolation of the cell line is provided in Appendix I. The 3' LTRs of the constructs were replaced

with heterologous polyadenylation sequences. These modifications were performed to miiiimize

the chance that recombination could result in the production of replication competent virus.

The plasmids used to make the packaging cell line are described in the original paper.

The vector was cotransfected into 'F-CRIP with pSV2Neo, and stably transfected clones

were selected in G418 (1 mg/ml). Individual clones (25 from each transfection) were isolated

and analyzed for production of virus. The producer is maintained in Dulbecco's modified medium
supplemented with 10% bovine calf serum. Supernatants from confluent plates of clones were
harvested and exposed to subconfluent plates of a human fibroblast line deficient in LDL
receptor in the presence of polybrene (8 jig/ml). Expression of wild-type LDL receptor was
assayed in situ by incubating the cultures with fluorescent labeled LDL (14). Fluorescent

microscopy revealed substantial activity in a subpopulation of fibroblasts from each infected

culture.

Freshly isolated viral supernatants were analyzed for replication competent virus using

the previously described LacZ mobilization assay (90). NIH 3T3 cells harboring a single copy
of a recombinant retroviral genome encoding E. coli p-galactosidase were exposed to the viral

supernatant and maintained in culture for 7-10 days. A supernatant was harvested and used to

infect NIH 3T3 cells which were subsequently analyzed for LacZ expressing cells using X-gal

chromogenic assay. None of the virus producers have scored positive for replication competent
virus or packaging of the psi genome using this sensitive assay.

The structure of the retroviral vector used to make this virus producer is illustrated in

Figure 2. The enhancer from CMV has been cloned in reverse orientation immediately upstream
to the p-actin promoter. In general, the CMV containing vectors produced much higher titers of

virus than the vectors which did not contain additional enhancers or those that contained the

alpha-fetoprotein enhancer.

The relative titers of several candidate producers were characterized by exposing a

subconfluent plate of NIH3T3 cells to freshly isolated viral supernatants and analyzing the DNA
from the infected, unselected population of cells for the presence and abundance of proviral

sequences. A representative Southern analysis from this experiment is presented in Figure 3.

Several infected populations demonstrated unrearranged proviral sequences at frequencies

greater than or equal to 1 copy of provirus per cell. The vector does not contain a selectable

marker so it is impossible to perform a limiting dilution assay. Previous experience in our

laboratory suggests that a viral stock which transfers 2 proviral copies per NIH3T3 cell would

be equivalent to approximately 1 to 5 x 10® cfu/ml in a limiting dilution assay. RNA blot

analysis of total cellular RNA from the infected unselected NIH3T3 cells is presented in Figure

4. In each case, the transcript initiated from the p-actin promoter is more abundant than the

LTR initiated transcript.

Viral stocks were also used to infect a diploid fibroblast cell line derived from a patient

with FH. The infected unselected population of cells was analyzed for production of functional

LDL receptor protein using the previously described 125 |_|_dl binding and degradation. Many
of the transduced populations of FH cells expressed levels of LDL receptor that exceeded those

measured in fibroblast cells derived from a normal individual as seen in Figure 5. Finally, as

described in the initial proposal none of the viral producers passage the 4/ ' genome or produce
replication competent virus.

Based on the Southern and Northern experiments, as well as the 125|-LDL functional

assay we have selected producer #132-10 as the one to be used in the human experiments.
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Figure 3. Proposed vector for use in gene therapy of familial hypercholesterolemia
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Figure Southern blot analysis of NIH3T3 cells infected with the human LDL receptor

retroviruses. Subconfluent plates of NIH3T3 cells were exposed to freshly prepared virus

and total cellular DNA was isolated when the plates were confluent. DNA ( 1 0 p.g) was
restricted with Kpn I, fractionated on an agarose gel, and transferred to a filter which was
hybridized with a’human LDL receptor cDNA probe. 1 copy represents the addition of plasmid
DNA to uninfected total cellular DNA at a level equal to a single copy per cell. The rest of the

samples are DNAs from NIH3T3 cells infected with the indicated virus producers: BA- 1

6

p-actin promoter no enhancer, 131 series p-actin promoter with the CMV enhancer in direct

orientation, and the 132 series p-actin promoter with the CMV enhancer in reverse

orientation.
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24-23

Figured. Northern blot analysis of NIH3T3 cells infected with the human LDL receptor

retroviruses. Subconfluent plates of NIH3T3 cells were exposed to freshly prepared virus

and total cellular RNA was isolated when the plates were confluent. RNA ( 1 0 p.g unless

otherwise noted) was fractionated on an agarose gel, and transferred to a filter which was
hybridized with a human LDL receptor cDNA probe. 24-23 is RNA from a virus producer

transfected with an LTR driven LDL receptor vector. The rest of the samples are RNAs from

NIH3T3 cells infected with the indicated virus producers: BA- 16 is p-actin promoter no

enhancer, 131-10 is p-actin promoter with' the CMV enhancer in direct orientation, and the

132 series are vectors with the p-actin promoter the CMV enhancer in reverse orientation.
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We have extensive experience with 'PCRIP as a packaging cell line in combination with

the type of vector used to make CMV-BA-(h)LDLR (i.e., internal promoter, SD+, gag+, and
with enhancer deletions in the 3’ LTR- see Fig. 2 for basic structure). Our experience indicates

that this combination is effective in producing high titer virus as well as safe in terms of

production of replication-competent virus or packaging of the genome. Between July

14,1987 and September 7,1991, we have performed 159 transfections of retroviral vectors

into the 'FCRIP (94 transfections) and 'FCRE (65 transfections) packaging cell lines.

Retroviral vectors of the type used to construct CMV-BA-(h)LDLR have been used in 110 of

these experiments. Approximately 25 stable viral producers from each transfection have been
isolated and characterized with respect to viral titer resulting in a cumulated experience of

approximately 3975 individual stable producers. The highest titer stable producer from each
transfection are usually screened for replication-competent virus using the lacZ mobilization

assay. We have never detected replication-competent virus form these cell lines.

4. Characterization of the LDL receptor virus producing cell line

# 132-10

A master cell bank (MCB) of the #132-10 cell line, comprising of 100 ampules, has
been established. We are in the process of characterizing this cell line using criteria suggested

by the FDA in published documents. The following analyses of the MCB are underway. We expect

these studies to be completed by November 1,1991. A brief protocol for each assay can be found

in Appendix K.

lest Performed Bv

Sterility OL1

Cell Culture ID OL
Mycoplasma OL
Induction RT OL
Extended XC Plaque OL
Extended S+L- Focus OL
MAP OL
In Vivo Virus OL
In Vitro Virus OL
Co-cultivation with Mink Lung OL
Co-cultivation with RD OL
Bovine Viruses OL
Porcine Parvovirus OL
LDL Receptor Transduction H.A.L.2

1 Outside Laboratory

2 Human Applications Laboratory, University of Michigan

We have extensively analyzed the cell line used to lay down the MCB (#132-10) with

respect to 1) LDL receptor transduction and 2) production of replication-competent

retroviruses with ecotropic or amphotropic host range. The producer has been analyzed for LDL
receptor transduction and helper virus on multiple occasions after it had been maintained in

culture for various times up to 4 weeks

Viral titer is assessed one of two ways. One approach is to harvest virus and infect a

subconfluent plate of NIH3T3 cells for 12-16 hrs in the presence of polybrene (8 ug/ml).

When the cells are confluent, total cellular DNA is harvested and analyzed for integrity and
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abundance of proviral sequences by Southern blot analyses (see Fig.3 for example). This has
been repeated two times with essentially identical results. The copy number of intact provirus

was 1 copy/cell on both occasions and rearranged proviral sequences were never detected.

An alternative and complementary approach is to assess efficiency of gene transfer based
on transgene expression. A viral stock is exposed to a subconfluent plate of diploid fibroblasts

from a patient with FH for 12-16 hrs in the presence of polybrene (8 ug/ml). When
confluent, the cells are incubated with fluorescent labeled LDL for 4 hrs and visualized by
fluorescence microscopy. The relative number of fluorescent cells provides a minimal estimate

of gene transfer. This analysis has been performed four different times with virtually identical

results. The relative number of fluorescent cells varied from 50-80% in these experiments.

The #132-10 viral producer was analyzed on three separate occasions for the production of

replication-competent virus of ecotropic or amphotropic host range using the previously

described lacZ mobilization assay. A brief description of the method is provided below. The
viral supernatant is exposed to a subconfluent plate of the cell line, 3T3BAG, for 12-16 hrs in

the presence of polybrene (8 ug/ml). The 3T3BAG cell line is a clone of NIH3T3 cells which
harbors a single copy of a lacZ containing provirus. The infected 3T3BAG population is

propagated in culture through two passages over a ten day period. A supernatant is then

harvested from the 3T3BAG population and exposed to a subconfluent plate of NIH3T3 cells for

12-16 hrs in the presence of polybrene (8 ug/ml). When confluent, this infected population of

cells is analyzed for the presence of the lacZ provirus using the chromogenic cytochemical

assay. The packaging cell line ¥2 which packages the 'F- genome at a low level is always used as
a positive control. Supernatant from #132-10 harvested three different times following

initial seeding (up to one month) was analyzed using the lacZ mobilization assay (Experiment
#1- duplicates, Experiment #2- duplicates, and Experiment #3- quadruplicates). Each
experiment scored negative.

5.

Production of the LDL receptor viral supernatant

Day 0

1 . Make complete media by filtering the following components through a 0.45|im one
liter filter: 1000 ml of high glucose DMEM and 100 ml of bovine calf serum

2. Use a 10 ml pipette to remove 10 ml of media from each liter to test for sterility.

3. All media will be stored at 4 °C.

4. To thaw the seed lot of #132-10, take five cryovials of each from the -135 °C and put

a 37 °C water bath.

5. Use a 10 ml pipette and add 10 ml of complete medium to 5 x 10 cm tissue culture

plates.

6. Use a 1 ml pipette to transfer the cells from each cryovial to a plate.

7. Place the plate at 37 °C, 5% CO2.

8. Two hours later, aspirate off media with a pasteur pipette and add fresh complete

medium with a 10 ml pipette and return plate to 37 °C, 5% CO2.
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Dav 1 (or when confluents

1. Aspirate off media from cells with a pasteur pipette.

2. Use a 5 ml pipette to add 5 ml PBS to each plate.

3. Aspirate off PBS with a pasteur pipette.

4. Add 1 ml of Trypsin-EDTA with a 1 ml pipette to each plate.

5. Let plate sit in hood until cells just start to release from the plate.

6. Add 5 ml of complete medium to each plate with a 5 ml pipette (to stop the trypsin

reaction) and transfer to a 15 ml conical test tube.

7. Spin down each test tube in a clinical centrifuge at setting 3 for 2 minutes.

8. Aspirate off the supernatant with a pasteur pipette.

9. Resuspend each cell pellet with 10 ml of complete medium using a 10 ml pipette.

10. Add 1 ml of cell suspension to a 10 cm plate (that had already been filled with 9 ml

of complete medium while the cells were being spun down). This constitutes a 1:10

split.

11. Place each plate (50 total) at 37 °C, 5% CO2.

Dav 5 (or when confluent

1 . Aspirate off media from cells with a pasteur pipette.

2. Use a 5 ml pipette to add 5 ml PBS to each plate.

3. Aspirate off PBS with a pasteur pipette.

4. Add 1 ml of Trypsin-EDTA with a 1 ml pipette to each plate.

5. Let plate sit in hood until cells just start to release from the plate.

6. Add 5 ml of complete medium to each plate with a 5 ml pipette (to stop the trypsin

reaction) and transfer to a 15 ml conical test tube.

7. Spin down each test tube in a clinical centrifuge at setting 3 for 2 minutes.

8. Aspirate off the supernatant with a pasteur pipette.

9. Resuspend each cell pellet with 10 ml of complete medium using a 10 ml pipette.

10. Add 1 ml of cell suspension to a 10 cm plate (that had already been filled with 9 ml

of complete medium while the cells were being spun down). This constitutes a 1:10

split.
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11. Place each plate (500 total) at 37 °C, 5% C02-

Dav 8 (or when plates are subconfluent)

1. Aspirate off media using a pasteur pipette.

2. Add 10 ml of fresh complete medium to each plate using a 10 ml pipette.

3. Place each plate at 37 °C, 5% CO2

Day 9

1. Take off supernatant using a 10 ml pipette and filter through a 0.45|im one liter

filter unit. Pool 100 plates into each filter unit.

2. Repeat the above step for the other 400 plates.

3. Pool all the supernatants by pouring the supernatants together until thoroughly

mixed.

4. From the 5 one liter filter bottles, remove 50 ml using a 25 ml pipette and transfer

to a 50 ml conical test tube. (See section F for assays to be performed on the

supernatants.)

5. Aliquot the 5000 ml of supernatant into 200 ml storage bottles.

6. Store the 200 ml aliquots at -70 °C.

6. Characterization of the LDL receptor viral supernatant

Aliquots of the pooled supernatants will be analyzed for the following tests and certified

by the FDA prior to use in the human experiments:

Performed Bv

H.A.L. 1

OL2
OL
OL

1 Human Applications Laboratory, University of Michigan
2 Outside Laboratory

Test

1 . Identity

A. Fluorescent LDL assay
B. Southern blot analysis

2. Sterility

4. General Safety

5. Extended S+L- Focus

D. Harvest of Liver

Autologous hepatocytes will be harvested from liver tissue obtained via a partial

hepatectomy of the recipient. Through a bilateral subcostal incision, attachments to the left
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lateral segment of the liver will be divided. Ligamentous attachments to the left lateral segment
of the liver will be taken down and mattress-type sutures will be placed in the parenchyma to

occlude the vascular supply. The liver parenchyma will be transected along the line of

demarcation of blood supply with a scalpel. Individual blood vessels and bile ducts will be suture

ligated. The specimen will be immediately transferred to the Human Applications Laboratory for

hepatocyte isolation. To alleviate the need for a second laparotomy, the left gastric (coronary)

vein will be identified and isolated. A Broviac catheter will be inserted and secured into the

coronary vein. The catheter will be tunnelled through the abdominal wall and secured to the skin

with monofilament absorbable suture at a site distant to the laparotomy incision. After

hemostasis is achieved, the abdominal wall will be closed in two layers with absorbable sutures.

E. Isolation of Hepatocytes

1. Hepatocyte Isolation and Primary Cultures.

The resected liver will be immediately transported on ice to the Human Applications

Laboratory. Major vessels will be cannulated with 16 gauge angiocatheters and perfused with

IX Leffert's solution (102), pH 7.4, containing 0.5 mM EGTA for 10 minutes. This will be
followed by perfusion with IX Leffert's solution, pH 7.4, without EGTA for 5 minutes, and then

IX Leffert's, pH 7.4, 5 mM CaCl2, 5 mg/ml BSA (fraction V), 0.5 mg/ml collagenase D
(Boehringer Mannheim) for 18 to 24 minutes. The collagenase perfusion will be terminated

when the liver softens and begins to dissociate. All solutions will be filter sterilized prior to

use and oxygenated at 37° during the perfusions. Flow rates will vary from 100 to 125
ml/min. The perfused liver will be teased apart with a rubber policeman and forceps, and

filtered through a presterilized 85 mm nylon mesh at 4° into a sterile flask containing RPMI
1640 medium containing 10% fetal bovine serum and 1% penicillin/streptomycin (Medium
A). The filtered hepatocytes will be pelleted by centrifugation three times at 50 x g for 1 min,

and resuspended in medium A, and viable cells will be quantified by exclusion of trypan blue.

Hepatocytes will be plated at 7 x 10^ cells per cm2 overnight in hormonally defined

medium (HDM, Ref. 103) containing 10% fetal calf serum and 1% penicillin/streptomycin.

The following day the media will be replaced with fresh HDM without serum. The preparation of

hepatocyte cultures will be performed in a laminar flow hood. The specific components of HDM
are listed under Appendix J.

There are three possible supports onto which the cells can be plated. The approach we
have the most experience with involves plating 4 x 109 cells onto 10 cm Primaria plates (16,

17, 19, 93). The expected isolation of hepatocytes from the resected liver is 2 x 109 cells.

This will require 500 10 cm plates, a number we have easily managed in our WHHL and baboon
experiments. An alternative approach we are actively exploring is to grow the cells in roller

bottles or bioreactors.

All procedures involving the isolation, cultivation and transduction of the hepatocytes
will be performed in a dedicated laboratory located in the Clinical Research Center at the

University of Michigan. This facility, called the Human Applications Laboratory, is currently

being renovated to become a GLP/BL2+ facility.

2. Retroviral transduction procedure of primary FH hepatocytes

FDA certified, frozen supernatant will be thawed in preparation for hepatocyte

transduction. The thawed virus will be supplemented with polybrene
(
8 ug/ml )

and placed on

the primary cultures of hepatocytes. Virus will be exposed to the cultured hepatocytes for a
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12-16 hour period beginning 48 hours after initial plating. The virus will be removed,
pooled, and aliquots will be subjected to analyses described in section III.E.3. The hepatocyte

cultures will be washed extensively with PBS, and released with Trypsin-EDTA as described

(16). The detached cells will be recovered by centrifugation, pooled and washed extensively in

isotonic saline. In preparation for transplantation, the cells will be suspended in isotonic

saline.

3. Analysis of transduced hepatocytes

Approximately four hours prior to cell harvest, an extra plate of infected hepatocytes
will be assayed for recombinant gene expression using the cytochemical assay which measures
uptake of fluorescent labeled LDL. Fluorescent LDL is added to the cells for 4 hours and removed
immediately prior to the cell harvest. The monolayer is visualized by fluorescence microscopy

to identify transduced cells. This provides a minimal estimate of gene transfer.

An aliquot of the pooled supernatant removed from the hepatocyte cultures will be
analyzed for gross contamination by fungus or bacteria using the following procedures. A 200
ml aliquot of this supernatant will be concentrated lOOx by centrifugation. The sediment will

be gram-stained and visualized under oil immersion microscopy. Absence of detectable gene
transfer using the in situ LDL receptor assay, recovery of less than 5 x 107 hepatocytes or

gross contamination in the gram-stained sediment will preclude reinfusion of the hepatocytes.

A more extensive analysis will be performed on the pooled hepatocyte suspension used
for reinfusion. The following tests will be performed but the results will not be available until

after the cells have been infused.

Test

Sterility

Electron Microscopy

Extended S+L- Focus
LDLR gene Transduction

1 Outside Laboratory
2 Human Applications Laboratory, University of Michigan

Aliquots of the pooled supernatants removed from the hepatocyte cultures immediately
prior to harvest will also be analyzed for sterility, electron microscopy, and extended S+L-
focus by the above Outside Laboratory.

Performed Bv

a
a
a
H.A.L.

F. Delivery of Hepatocytes

An important issue relates to the number of cells to be infused. Based on the hepatic

perfusions done to date, it is possible to harvest 1 to 10 x 109 cells from a piece of liver that

one can expect to obtain by removing the left lateral segment of a liver from a 4 yr old

(approximately 70 gm). Our experience with the WHHL rabbit indicated that 2 x 108 cells

could be safely transplanted into 2 kg animals. In the baboon experiment, 2 x 109 cells were

safely infused into a 17 kg animal. It is reasonable, therefore, to use 1 x 108 cells/kg in

human studies, up to the maximum number harvested. Considerations include the absolute
volume to be infused, which is usually limited to 25-50 ml. It is also possible that increases in

the level of LDL receptor expression achieved by transduction would allow a corresponding
decrease in the number of reinfused cells that are necessary to achieve a therapeutic effect.
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A wide variety of locations have been used for the implantation of hepatocytes in various

animal models. To date, however, no human studies have been performed. We propose the direct

re-infusion of autologous human hepatocytes into a tributary of the portal venous system. There
are benefits as well as drawbacks to this approach. The ability to leave an indwelling Broviac-

type catheter at the time of hepatocyte harvest allows the administration of hepatocytes without

the need for further surgery or anesthesia. Patients with FH have premature atherosclerotic

cardiovascular disease predisposing them to increased cardiovascular morbidity. The ability to

reinfuse cells without the extra stress brought about by a second laparotomy for reinfusion is

therefore useful. The patients can be studied radiologically immediately prior to hepatocyte

reinfusion to insure that the vessel is open and that hepatoportal flow is present.

There are also theoretical disadvantages to the direct infusion of hepatocytes into the

portal venous system. The most devastating complication of this approach would be portal vein

thrombosis. Portal vein thrombosis might complicate a subsequent attempt at orthotopic liver

transplantation and could lead to variceal hemorrhage and ascites. In a review of the incidence

of portal vein thrombosis after the intraportal infusion of pancreatic islets, 3 of 57 patients

developed portal vein thrombosis (109). The cells infused in most cases are portions of

pancreatic tissue acutely digested and reinfused. The incidence of portal vein thrombosis

following infusion of autologous hepatocytes should be lower because the cells are autologous

rather than allogeneic, and the infusate contains a suspension of disaggregated cells rather than

tissue fragments.

A number of other forms of hepatocyte delivery have been considered and rejected for a

variety of reasons. The most direct methods would be the infusion of cells by interventional

radiologists. There are three possible approaches: 1) hepatic arterial reinfusion via femoral

puncture (110); 2) percutaneous transhepatic/transplenic injection into the portal vein

(111); and 3) retrograde injection into the portal vein by a transjugular hepatic venous
puncture (112). There are risks shared by all three. Bleeding, either overt or occult may be a

result of these procedures. Also, the risk of portal venous, hepatic arterial or other major

vascular thrombosis may occur, complicating the future performance of a hepatic transplant.

Lastly, these procedures require several hours of sedation and in children would almost

certainly require the use of a general anesthetic. The additional physiologic burden of a second

anesthetic in a patient population at risk for adverse cardiovascular events cannot be

overestimated.

There are several points to consider in the use of interventional techniques which have

led us not to abandon the concept entirely. This patient population does not have a coagulopathy

such as is seen in patients with fulminant hepatic failure, so that percutaneous puncture is

relatively safe. In fact, this will be our preferred route of delivery in case of catheter

thrombosis prior to reinfusion. Also, the cells can be directed into a subsegmental branch of the

portal vein and cell migration can be further minimized by the placement of coils or gelfoam.

The main theoretical advantage of this technique is the possibility of decreasing main portal vein

thrombosis to a bare minimum by avoiding diffuse showering of cells throughout the portal

distribution.

Laparoscopic delivery of hepatocytes into the patient is an attractive but currently

unfeasible approach. Laparoscopy would also require a second anesthetic, and there are no

standardized techniques for the isolation of a reasonable branch of the portal venous circulation.

Such approaches will no doubt be worked out in the near future.

There are potential problems with this proposed method of hepatocyte introduction such

as occlusion of the catheter prior to cell infusion. The vessels available for use in children are

relatively small and are not easily kept patent once cannulated. To minimize the risks of

thrombosis, the Broviac catheter will be flushed every eight hours with a heparin flush

[
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solution at a concentration of 100 U /ml. In addition, the catheter will only need to remain open
for several days at most. The Broviac can be studied at 24-48 hours after cell reinfusion to

provide information about the rate of early thrombosis of the portal venous system. Such data

will have to be collected to ultimately answer questions about the efficacy of this approach. Our
experience with the baboon indicates this may not be a problem.

Infection of the catheter may also occur. In any patient who may require a liver

transplant, the threat of infection is serious. The development of infection may cause the

transplant to be deferred for a period of time with an obvious negative impact on patient well

being. These patients will not be given prophylactic antibiotics to minimize the risk of an
adverse drug reaction. The operation will be performed in an operating room with standard

sterile technique. The catheter will only need to be in place for 3-4 days, and will be inspected

several times daily to watch for early signs of infection. If cellulitis or purulent drainage
develop, appropriate cultures will be taken and empiric intravenous antibiotics will be started.

If necessary, the catheter can be removed prior to the cell infusion. The ability to institute

prompt treatment and completely remove the prosthetic device will minimize any adverse
impact on the patient.

Portal vein thrombosis is the most morbid potential complication of the intraportal

administration of autologous hepatocytes. There are no data on the incidence of portal vein

thrombosis after the intraportal administration of autologous hepatocytes, but when pancreatic

islet preps are used, the incidence is about 4% (109). The relevance of this experience to the

infusion of autologous hepatocytes is discussed above. Complete thrombosis with organized clot

adherent to the endothelium of the portal vein may preclude subsequent liver transplantation.

In addition, portal hypertension with the development of ascites or variceal hemorrhage may
cause clinical deterioration in these patients with diminished cardiovascular reserves. This
form of treatment in the face of even a single case of post-infusion portal vein thrombosis would
require a re-evaluation of the route of delivery. Treatment of the complications of portal

hypertension are relatively standard and are used frequently in the care of patients seen at the

University of Michigan.

G. Evaluation and Consequences of Engraftment

The efficacy of the treatment will be assessed through a careful analysis of associated

changes in lipoprotein metabolism. In addition, liver tissue will be obtained by percutaneous
biopsy 3 months after the treatment and will be subjected to various molecular studies to

characterize the presence and abundance of recombinant derived RNA and DNA.

1. Metabolic Consequences of Gene Transfer

A variety of animal and human studies indicate that steady state levels of lipoproteins

such as LDL are affected rather dramatically by modest changes in residual LDL receptor
function of FH homozygotes. We will, therefore, assess the functional consequences of gene
therapy by comparing baseline metabolic parameters prior to and following the therapy. We
have carefully considered the usefulness of measuring the effects of gene therapy on lipoprotein

kinetics in the patient. We have decided not to pursue these more complicated measurements in

the initial studies for several reasons. Fractional catabolic rates of lipoproteins such as LDL
would likely be a less sensitive indication of LDL receptor expression in vivo than steady state

lipoprotein levels. Furthermore, kinetic studies pre- and post-treatment would represent a
major inconvenience to the patient because it would involve the injection of radioactivity and
would protract the inpatient evaluations, leading to substantially more phlebotomies.
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Approximately 6 weeks prior to the proposed treatment, the patient will begin an

appropriate diet (AHA phase III) and will withdraw all drugs that may interfere with

lipoprotein metabolism. Traditional forms of therapy to lower cholesterol such as drugs,

plasmapheresis, or LDL apheresis will be withheld for 6 weeks prior to and 6 weeks after the

treatment.

Baseline metabolic parameters will be determined by a review of the hospital record as

well as the initial evaluation to be performed 4 weeks prior to the procedure (see Sect III.B.).

Lipid/lipoprotein profiles (cholesterol, triglycerides, HDL-C and LDL-C) will be determined

biweekly for a 3 week period between the initial evaluation and the hospital admission for the

treatment. Summarized below are the analyses to be performed during the hospitalization.

Admitting evaluation (a subset of the preliminary evaluation described in Section III.B.)

History and physical exam
General laboratory studies:

CBC, platelets

Erythrocyte sedimentation rate (ESR)
Complete urinalysis

Test panel II

Test panel IV

Assess liver function; see above

Assess coagulation status:

Prothrombin time

Partial thromboplastin time

Assess lipid/lipoprotein status:

Fasting cholesterol, triglycerides, HDL-C, LDL-C
Lipoprotein electrophoresis

LPP fractionation

C-HDL & TG in LDL, IDL, VLDL, HDL, and chylos

Assess other atherogenic potentials:

Fibrinogen

PAI

LP(a)

Cardiac evaluation:

Chest X-ray

EKG
Cardiology consult

Evaluation for 7 days prior to liver resection.

Daily fasting cholesterol, triglycerides, HDL-C, LDL-C
Evaluation for 10 days after liver resection

Daily fasting cholesterol, triglycerides, HDL-C, LDL-C
Daily EKG
Every other day liver function tests

Every other day CBC

Evaluation following discharge from hospital.

Fasting cholesterol, triglycerides, HDL-C, LDL-C to be performed

Biweekly- first month

[188] Recombinant DNA Research, Volume 15



Weekly- month to month 6

PRN (at least monthly)- month 6 and beyond

Liver biopsy -month 3

Complete metabolic screen as described in the preliminary evaluation annually

2. Molecular Analysis of Liver Biopsy

Techniques for detecting gene transfer and recombinant gene expression in liver tissue

from recipients of autologous, retroviral transduced hepatocytes, have been developed.

Examples of the application of these technologies in the analysis of the WHHL experiments are

summarized in section II.C. and presented in reprints contained in the Appendix section. The
major problem with the analysis of the percutaneous biopsy specimen will be the limited

amount of material that will be available. Based on our extensive experience in the WHHL
rabbit we believe we can do the following analyses with the material provided.

- In situ hybridization to detect RNA from fresh frozen tissue (See Ref. 16, 18)
- Immunocytochemistry to detect LDL receptor protein from fresh frozen tissues

(Linder development).
- Routine histology from paraffin sections

-Polymerase chain reaction to detect proviral DNA (See Ref. 16)

-Polymerase chain reaction to detect proviral RNA (Routine in the laboratory)

Additional assays are available if more liver tissue becomes available such as RNase
protection analysis (16 and 18) or Western blot analysis (Ref. 18).

The specific protocol will be as follows: two-thirds of the biopsy will be fresh frozen in

OCT and cyrostat sections will be postfixed in paraformaldehyde for in situ hybridization and
also fixed in acetone for immunocytochemistry. The remaining tissue will be divided in half and
frozen for subsequent PCR studies or fixed in paraformaldehyde, embedded in paraffin,

sectioned, and stained with hematoxylin and eosin.

H. Evaluation of Rejection

1. Identification of Possible Immunologic Consequences of

Autologous Cell Transfer

This proposal involves the harvest, transformation and reimplantation of autologous
hepatocytes. This raises several concerns about the potential immune response of the recipient

to these cells. The most favorable aspect of this protocol is the use of autologous hepatocytes for

cell transfer. Because these are autologous cells, there is no risk of rejection on the basis of

histo-incompatibility and no immunosuppressive therapy will be used. This markedly
decreases the potential risks for the patients and also will reduce the possibility that

inflammation from rejection episodes might damage the recipient's liver or spleen. It also

makes it unlikely that the patients would develop cytotoxic HLA antibodies that could prevent a
subsequent conventional therapy with an orthotopic liver transplant. Therefore, this protocol

offers less immunologic risk to the patient than conventional liver transplantation and will not

decrease the likelihood that patients could subsequently receive an orthotopic liver transplant,

if necessary, to control their hypercholesterolemia.

In contrast to the low risk of HLA sensitization, reasonable concerns about immune
responses to the transferred cells focus on the introduction of new and unique proteins into an
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immunocompetent recipient. The recombinant derived LDL receptor protein may be new to the

recipient, and therefore self-tolerance to these proteins may not have developed. This opens the

possibility that the recipient could make an immune response to these new proteins that could

destroy the transplanted cells. In addition, changes in the transfected cells, such as
inappropriate expression of Class II HLA antigens, could cause the recipients to develop an
immune response to hepatocyte proteins in a manner similar to autoimmunity.

Arguing against these latter two consequences are the results seen in autologous cell

transfers in rabbits, where no immune response to the LDL receptor was noted. However, in

other systems, such as the transfection of human growth hormone genes with autologous rat

fibroblasts (113), immune responses to the transfected protein have occurred. Because of this

example and the differences between the human and rabbit immune system, the possibility of an

immune response to neoantigens on the transferred hepatocytes remains an important concern
and immune responses to the LDL receptor, and the transduced hepatocytes will have to be
monitored throughout the course of the cell transplant.

' 2. Monitoring and Detection of Immune Responses to

Transduced Ceil Proteins

Immune responses to several different types of antigens will be monitored throughout

the course of the protocol.

Serologic Assays. Antibodies to the LDL receptor will be measured by two different

techniques. Initial serologic reactivity to the LDL receptor will be assayed by Western blots of

FH fibroblasts transfected with the LDL receptor and by immunoprecipitation in in vitro

translated whole LDL receptor. Presence of glycosylated epitopes will be determined by
evaluating Western blot reactivity to membranes treated with periodate. Localization of

antibody epitopes in the LDL receptor will be performed by immunoprecipitation of carboxyl

terminal truncations of the receptor produced by in vitro translation or by reactivity with

fragments of the LDL receptor protein produced in a bacterial expression system. Due to the

relative insensitivity of the Western blot assay, a dual capture ELISA assay for antibodies to

LDL receptor also will be employed. This assay uses a mouse monoclonal antibody(1 1 5,1 1 6) to

bind the LDL receptor onto the wells of an ELISA plate. After the non-specific proteins are

washed off, human sera is added and specific antibodies will bind to the immobilized LDL
receptor. The bound antibody will then by detected with an enzyme conjugated second antibody.

This assay is more sensitive than the Western blot assays but shows slightly less specificity. In

consideration of this, both LDL receptor-antibody assays will be performed. These studies will

be done, pre-transplant and at one week intervals post transplant for approximately 90 days.

Many of these serologic techniques were developed and have been employed to measure
immune responses in gene transfer experiments in the WHHL rabbit model of FH. Because
conformation and glycosylation determinants of the LDL receptor may be involved as epitopes in

an antibody response, it was decided to develop assays that use whole LDL receptor preparations

produced in eukaryotic cells. Fibroblasts from FH patients (lacking a native LDL receptor)

were transfected with the rabbit LDL receptor and grown in culture. Membrane preparations

made from these cells were then electrophoresed in SDS-PAGE under non-reducing conditions,

and transferred to nitrocellulose. The transfers were then probed with sera from WHHL
rabbits that had received a transplant of autologous hepatocytes transfected with rabbit LDL
receptor. Control blots were performed in parallel using fibroblasts transfected with a control

vector. Results of these studies suggested that rabbits having long-term decreases in serum
lipid levels did not develop serologic responses to the receptor. Additional studies are being

conducted to localize serologic determinants in the receptor. To do this, the receptor has been

place in a Bluescript II vector for use in immunoprecipitation studies. This plasmid will be cut

at various locations throughout the LDL receptor coding region, transcribed in vitro, and
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translated to produce carboxyl terminal truncation products that will be used in

immunoprecipitation studies. In addition, two monoclonal antibodies (4D4 and 9H9)
recognizing different portions of the LDL receptor have been obtained and ascites produced to

serve as positive controls for these assays.

It is possible, albeit unlikely, that the antibody response to the transplanted cells will

be sufficiently intense to cause a systemic reaction or serum-sickness type reaction. This

would be initially evaluated through the detection of anti-LDL receptor antibodies, however, to

confirm that the transplant was responsible for the reaction, further studies would be
performed. Circulating immune complexes would be isolated from serum through differential

polyethyleneglycol precipitation. These complexes can then be probed for specific antigens

(LDL receptor) related to the transplant using Western blot analysis and anti-LDL receptor

monoclonal antibodies.

Cellular Studies. Transplant recipients will be analyzed for the development of T cell

immune responses to the transplanted cells.

The requirements for an antigen to use in studies identifying T cell immune responses to

the LDL receptor are very different from those needed for serologic studies. Glycosylation and
conformation are not important, however, removal of substances capable of causing non-

specific lymphocyte activation (such as endotoxin) is essential. One method is to employ
autologous cells for antigen presentation and as targets of cellular cytotoxicity. However, it

would be technically easier to have isolated fragments of the receptor to use as antigen-specific

stimulants in PBMC cultures. With the recent cloning of LDL receptor fragments into the

bacterial expression vector, pMALc Rl, and the ability of this unique fusion protein produced by
it, receptor fragments can be isolated from contaminating bacterial proteins and
lipopolysaccarides can be used in lymphocyte proliferation studies.

LDL receptor stimulations of PBMC will be performed using several concentrations of

the recombinant proteins produced in the pMALc Rl expression system. T cell responses will be

determined by measuring Thymidine incorporation in the PBMC. Specificity of the immune
response for mutational areas of the LDL receptor will be determined by comparing T cell

responses to whole native versus normal LDL receptor. In addition, synthetic peptides

corresponding to the regions of the mutations in the LDL receptor will be used to stimulate the

PBMC to determine if the T cell responses to receptor are specific for these areas. Cytotoxic

cellular immune responses will be determined by transfecting autologous cell lines

(lymphoblastoid or fibroblasts) from the subject with the LDL receptor. These cells would then

be 51 Cr labeled and used as targets in a chromium release assay.

Through these methods it is hoped that any form of immune response to the transplanted

hepatocytes would be identified and characterized during the course of the experiment and the

results of such an immune response could be correlated with outcome parameters to determine
if it effected the transplanted cells. It may also be important to correlate observed immune
responses to the LDL receptor defect phenotype of the recipient. This would clarify whether
receptor negative individuals with gene deletions or nonsense mutations are more likely to

develop immune reactions to transplanted proteins than recipients who have defective, but

immunologically intact endogenous proteins.
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IV. Overall Assessment of Risks vs. Benefits

A. Potential Efficacy of Gene therapy

Critical to an assessment of the potential efficacy of this procedure is an estimate of the

expected level of genetic reconstitution. We demonstrated in preliminary studies of cultured

human hepatocytes, retrovirus mediated gene transfer into a large proportion of cells

(Southern blot measured 0.1 to 1.0 proviral copies/cell; Ref. 19). The retroviral vectors

express levels of recombinant LDL receptor protein that exceeds normal endogenous levels by at

least 5 fold. The net level of LDL receptor function in the transduced population of FH
hepatocytes should be between 50% to 500% of the level of endogenous receptor assuming

efficiencies of gene transfer described above. We propose to transplant approximately 5 x 109

hepatocytes or 2% of the total number of hepatocytes that are in an intact liver (approximately

2.5 x 10 11 hepatocytes). We, therefore, estimate that the level of genetic reconstitution

should be between 1 and 10% of endogenous LDL receptor function in FH recipients.

Several important questions emerge regarding the feasibility and efficacy of this form of

therapy. The first question relates to the feasibility of obtaining this level of genetic

reconstitution for prolonged periods of time using ex vivo gene therapy. This assumes that 1)

the infused hepatocytes efficiently engraft and persist, and 2) the hepatocytes continue to

express the recombinant gene and retain the differentiated functions necessary to affect

improved hypercholesterolemia. Our experiments in the WHHL rabbit, described in section

II.6.1 and in Appendix G, indicate that the hypothesis and assumptions noted above are valid and
that the human experiments are feasible (18). Using a similar protocol to that proposed for the

human experiments, we have transplanted 2 x 10 8 autologous, genetically-corrected

hepatocytes (approximately 2% of the total hepatocytes in the liver of a rabbit) into 3 kg WHHL
rabbits and have achieved genetic reconstitution in liver, as measured by quantitative RNase
protection analysis, equal to 2-4% of normal endogenous RNA levels. The level of recombinant

derived RNA in liver did not diminish for a period of 6 months following the transplant, the end
point of the experiment. The preclinical studies in the WHHL rabbit indicate that the

genetically corrected hepatocytes engraft and continue to express the recombinant gene for long

periods of time.

The other critical question relates to the expected therapeutic efficacy of 2-4% hepatic

LDL receptor reconstitution. Several lines of evidence suggest that this level of genetic

reconstitution may lead to substantial improvements in hypercholesterolemia. Indirect

evidence to support this hypothesis in man was provided by studies of Sprecher et al., who
characterized a population of FH homozygotes with respect to serum cholesterol and residual

LDL receptor activity (41). They found an inverse correlation between serum cholesterol and
residual LDL receptor activity in cultured fibroblasts. More direct support for this hypothesis

has been provided in a series of hepatocyte transplantation experiments in the WHHL rabbit.

Two groups have demonstrated substantial declines in serum cholesterol (25-40% decrease) in

WHHL rabbits transplanted with limited numbers of hepatocytes (2-5% of the total number of

hepatocytes in a liver) derived from an LDL receptor expressing allogeneic donor (17, 89).

We have shown similar improvements in serum cholesterol (decreases of 25-40%) in WHHL
rabbits transplanted with allogeneic or autologous hepatocytes (representing 2% of the total

number of hepatocytes in a liver) that were genetically corrected in vivo with recombinant
retroviruses (16, 18). The level of genetic reconstitution obtained in the WHHL gene therapy

experiments was confirmed to be approximately 4% of endogenous hepatic levels using a

quantitative RNase protection assay.
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The final question, in terms of efficacy, is the potential benefit
_
of a persistent but

incomplete correction of hypercholesterolemia in improving the morbidity and mortality due to

CAD. There is a huge volume of epidemiologic data that supports a relationship between LDL
cholesterol and the development of CAD in the general population (117-120). The disease FH
also confirms this concept in that homozygotes with LDL-cholesterol levels in the 500 to 1000
mg/dl range have much worst disease than heterozygotes with LDL-cholesterol levels in the

300 mg/dl range (2). It seems logical to assume that a 33% decline in LDL-cholesterol from

800 mg/dl to 560 mg/dl, for example, may be therapeutic. Genetic heterogeneity in the FH
population has provided some insight into the possible relationships between modest differences

in serum cholesterol, such as that expected from gene therapy, and the natural history of the

disease. Brewer and colleagues have examined this relationship in a series of studies performed
at the NIH. They showed a negative correlation between residual LDL receptor activity (2-29%
of normal) and serum LDL-cholesterol (838-304 mg/dl) and a positive correlation between
LDL receptor activity and age of onset of angina (41). A separate study categorized these

patients with respect to presence or absence of CAD (43). The CAD symptomatic group had
substantially greater LDL cholesterols (817 +/- 62 mg/dl) than the asymptomatic group
(561 +/- mg/dl). Four of seven patients died in the symptomatic group during the course of

the study.

B. Risks of Hepatic Resection and Hepatocyte Infusion

Resection of the left lateral segment of the liver is a fairly straightforward surgical

procedure that is associated with some risk. The liver resection should be accomplished without

the necessity of a transfusion. Mortality as a result of this procedure should be low; the most
likely cause of mortality would be a cardiac event occurring in the perioperative period. The
incidence of this should be approximately 1% (95,96). The patient will undergo extensive

preoperative evaluation and intraoperative hemodynamic monitoring to minimize these risks.

Possible noncardiac morbidity could result from the liver resection and catheter placement in

the portal circulation. These include 1) excessive bleeding as a result of the resection, 2)

infection at the site of the hepatectomy or via the indwelling catheter, and 3) leakage of bile

causing peritonitis. This procedure might make subsequent orthotopic liver transplantation

more difficult but it wouldn't preclude a successful organ transplant. Removal of the catheter

should be associated with little morbidity. Removal will involve no further anesthetic, and can
be done at the bedside.

Infusion of the hepatocytes via the indwelling Broviac catheter into the portal

circulation is also associated with risks. The most morbid complication of this procedure is

portal vein thrombosis. There are no data in humans on the incidence of portal vein thrombosis
after the intraportal administration of autologous hepatocytes, but when pancreatic islet preps
are used, the incidence was about 4% (109). We expect a lower incidence of portal vein

thrombosis with autologous hepatocytes because the cells are autologous rather than allogeneic

and the infusate contains a suspension of disaggregated cells rather than tissue fragments.

Complete thrombosis with organized clot adherent to the endothelium of the portal vein may
preclude subsequent liver transplantation. In addition, the sequalae of portal vein thrombosis,

portal hypertension with the development of ascites or variceal hemorrhage may cause clinical

deterioration in these patients with diminished cardiovascular reserves. The studies done in the

WHHL rabbit have not shown portal vein thrombosis to date. Furthermore, our experience in

the baboon model indicates that portal vein thrombosis or portal vein hypertension may not be a
problem. Treatment of the complications of portal hypertension are relatively standard.

Additional complications of the hepatocyte infusion are 1) anaphylaxis, and 2) infection of the

Broviac catheter. Removal will involve no further anesthetic, and can be done at the bedside. It

is a common procedure.
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C. Risks of Gene Transfer and Gene Expression

The only possible complication of LDL receptor gene transfer per se would be an immune
response to the recombinant derived LDL receptor protein. Issues that relate to this potential

problem have been described under Section III.H. It is difficult to predict the likelihood of this

occurring, however, our work in the "receptor negative" WHHL rabbit (Appendix G) suggests
that immunologic rejection may not be a confounding or limiting problem. The most morbid
consequence of an immune response to the recombinant derived receptor would simply be loss of

functional engraftment.

Risks of gene transfer using retroviral vectors have been addressed extensively in

animal models and more recently in human subjects (Reviewed in Ref. 121). Possible

complications include 1) the development of replication competent virus and sequalae of viral

replication in vivo, and 2) long-term consequences of random retroviral integration such as the

development of secondary malignancies.

A significant effort has been made to minimize the risks of formation of replication

competent viruses. The cell line that produces the virus has been engineered to prevent the

formation of wild-type virus (See Section C.). The potential toxicity of inadvertent formation

of replication competent murine retroviruses has been addressed in a series of experiments
performed at the NIH (121, 122). Four nonhuman primates were infused with large volumes
of replication competent amphotropic virus. The virus was rapidly cleared and the animals

remained free of disease up to the time of their report (mean follow-up was 43.9 months).

Additional experiments in which monkeys were immunosuppressed and transplanted with virus

producing autologous fibroblasts were associated with no ontoward effects for the average
follow-up of 61 .8 months. Based on these extensive studies we conclude that the formation of

replication competent virus is highly unlikely and if it occurred would probably not cause
disease.

A more difficult safety issue to address is the risk of malignant transformation due to

retroviral mediated gene transfer. The theoretical basis for this has been nicely reviewed by

Cornetta et al. (121) The major concern relates to the fact that retroviruses insert into the

recipient cell's genome in a near-random manner and that this insertion event could potentially

lead to the activation of an oncogene or the inactivation of a tumor suppressor gene. While this

is theoretically possible the chance of a secondary malignancy is highly unlikely for several

reasons. Transformation of human cells in vivo is clearly a multistep process and a single

event, such as insertion of a provirus, will probably not lead to the formation of a de novo
tumor. Furthermore, insertional inactivation of a tumor suppressor gene would be insufficient

for transformation because one allele would remain intact and capable of providing tumor
suppression function. While the insertion may not itself cause transformation it may bring the

cell one step closer to transformation. Applications of retrovirus mediated gene transfer for

treatment of humans must take into account this potential tumor promoting capability. We
believe this will not be a major problem in our protocol for several reasons. We will be
working with a population of patients that are relatively young and have a short life expectancy.

Development of secondary malignancies long after the therapy will not be an issue.

Furthermore the patient's tumor surveillance systems will remain intact because they will not

be immunosuppressed.

Another aspect of our protocol that makes transformation highly unlikely relates to the

nature of the recipient cell for gene transfer, the hepatocyte. Under normal conditions, the

hepatocyte is a terminally differentiated cell which is capable of undergoing very limited

number of cell divisions in vivo or in vitro. It is extremely difficult to immortalize or
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transform cultured hepatocytes even with known oncogenic DNA viruses such a adenoviruses or

SV40.

Additional support for the safety of transplanting transduced hepatocytes is provided by

our experiments in animals. We have performed ex vivo gene therapy with retroviral

transduced hepatocytes into at least 40 rabbits and 25 rats. The animals have been followed up

to 6 months. During this time we have not observed any tumors or malignancies.

D. Summary of Risks and Benefits

The potential benefits of this procedure to FH patients will be to slow the progression of

atherosclerosis and decrease morbidity and mortality of CAD. Gene therapy would be performed

in a group of FH patients who have developed advanced CAD on traditional therapies and have a

relatively poor prognosis. Experiments in an authentic animal model for FH have demonstrated
the feasibility of achieving substantial and prolonged diminutions of total serum cholesterol as a

result of gene therapy . We do not expect the improvement in hypercholesterolemia to be
complete so that we consider this therapy an adjunct to more standard therapies such as

plasmapheresis, LDL-apheresis, and/or pharmacologic agents. Patients that receive gene
therapy would resume their normal therapeutic programs 6 weeks later. The development of

gene therapies is necessary because the currently available forms of treatment are inadequate.

Most traditional forms of therapy lead to only partial improvements in hypercholesterolemia

and CAD usually progresses unabated despite intensive therapeutic regimens.

The potential risks of this therapy are complex. The risks of the surgical procedures
are relatively well defined and are based on extensive experience in similar clinical situations.

The hepatocyte infusion is likely to be the most morbid procedure although it is difficult to

predict these risks because infusion of autologous hepatocytes into humans has never been done.

Our early experience in nonhuman primates is encouraging. Experience with islet cell

transplantation in humans suggests that the risk of portal vein thrombosis is less than 4%. The
risks associated with gene transfer and random integration into the genome are largely unknown
but are expected to be quite low.
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VI. Informed Consent

CONSENT TO ACT AS A SUBJECT IN AN INVESTIGATIONAL STUDY

TITLE: Ex Vivo Gene Therapy of Familial Hypercholesterolemia

Principal Investigator: James M. Wilson, M.D., Ph.D.

Chief, Division of Molecular Medicine and Genetics

Associate Professor of Internal Medicine

Associate Professor of Biological Chemistry

Purpose of Study: The purpose of this study is to determine whether it is possible to correct

j

a dysfunction of the liver in patients with a disease called "familial hypercholesterolemia". In

this disease the liver is unable to removes lipids ("fats") from the blood. As a result, very high

levels of "fats" accumulate in the blood. This occurs because a liver cell protein (called the LDL
receptor) that removes "fats: from the blood does not work. This disease can cause
atherosclerosis or "hardening of the arteries". Serious damage to the heart and the blood vessels
can occur. The damaged vessels can produce heart attacks, strokes, and possibly death.

You have been asked to participate in this study because you have the disease, familial

hypercholesterolemia. We will attempt to correct the defective function within your liver cells

by adding to your cells the gene that produces the normal LDL receptor. If this therapy is

successful, your liver cells will make a normal version of the protein that will remove the

excess "fats" from the blood.

We will attempt to correct the defective LDL receptor protein in your liver cells by
first removing a piece of your liver about the size of a chicken egg. This liver tissue will be cut

into small pieces to release the liver cells and the cells will be grown in plastic plates in the

lab. We will then place the gene that produces the normal LDL receptor into your liver cells

using the following technique. The liver cells are exposed to a mouse virus which carries the

normal gene. The normal gene enters your liver cells. The corrected liver cells are then

infused into a vein that leads to your liver where they will implant and grow. Because the cells

now produce the working protein for "fat" removal, we hope the cells will remove the excess
"fats" from your blood and the level of these "fats" will decrease towards the normal range.
After infusing the liver cells back into your liver, we will study the function of these corrected
cells, the levels of "fats" in your blood, and the way your body reacts to the corrected cells.

(initials)
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Detailed Description of Participation: Your participation in this study involves a

number of very complicated steps and procedures. These will be explained individually in the

order that they will be done. You should be aware that you can withdraw at any point in the

study without jeopardizing your future care at the hospital.

Initial Evaluation : You will undergo an extensive evaluation to determine if you are eligible to

participate in this study. We will conduct a medical history and physical exam, blood tests

(which will remove about 4 to 6 teaspoons of your blood with a needle), urine analysis, X-rays

and electrocardiogram. Because patients with familial hypercholesterolemia sometimes
experience hardening of the arteries of the heart, we may perform a cardiac catheterization. If

you require this, that procedure and its risks will be explained thoroughly and your consent

will be obtained separately.

Liver Surgery: You will be admitted to the hospital one week before the operation that removes
part of your liver. During this one week time period, the levels of "fats" in your blood will be

monitored daily. Six teaspoons-of blood will be drawn from you every day during this week.

We will next perform the surgery that removes part of your liver You will receive

general anesthesia (drugs) that puts you to sleep. A tube will be inserted through your mouth
into your lungs and a machine will breathe for you during the surgery. The surgeon will make a

4 inch cut across your abdomen just below your ribs. The surgeon will then remove the left

part (15-20%) of your liver, being careful not to damage the rest of the liver. A tube will

then be placed in a blood vessel which leads to your liver. This tube will be used three days

later to infuse the corrected liver cells (see below). The surgeon will then close your wound by

suturing (sewing) or stapling it shut. We will awaken you and watch you closely in the

recovery room to determine if any complications occur (explained below). After you are stable,

we will take you back to your hospital room so that you can recover. You will be able to leave

the hospital two weeks after this surgery, although you may experience some pain and
discomfort for a much longer period.

Reinfusion of the Corrected Liver Cells : Three days after your surgery, you will be taken to a

special room where doctors will use fluoroscopy (X-rays) to make sure that the tube is still in

the blood vessel that leads to your the liver. The doctors will then take the liver cells (that have

been given the normal gene for the LDL receptor) and infuse them through this tube. They will

then remove the tube. You will remain in the hospital for 7-10 days after infusion of the

corrected liver cells so that we can monitor you for possible complications of the therapy

(explained below). The total length of your stay in the hospital for the liver surgery and
infusion of the liver cells will be approximately 3 weeks. It is possible that there may be
technical problems with either isolation of the cells or placement of the normal gene into your

liver cells. If this occurs, we may be unable to reinfuse your liver cells back into your liver

and the study would have to be terminated at this point.
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Monitoring After Discharge from the Hospital: After your liver cells have been infused back
into your liver and you have left the hospital, we will need to monitor you closely for the effects

of the corrected liver cells. For the 4 weeks following your discharge from the hospital, you
will have to come back to the hospital for 2 days each week (each visit will last about one hour).

After these first four weeks, you will have to come back to the hospital for visits every week for

four months. After this time, the frequency of your visits will be determined by your medical

condition with a minimum of one visit per year. Small amounts of blood (6 teaspoons or less)

will be taken from you on each visit. We will also need to remove a small piece of your liver

tissue in order to examine it for the corrected cells. This will be done about three months after

the infusion of the corrected cells back into your liver. A doctor will place a needle through

your skin into your liver and remove a tiny piece (the size of a pencil tip) of your liver. This

would not require another operation. This procedure will be explained to you at the time it will

be performed and your consent will be obtained separately. If you die for any reason, either

during or after your participation in this study, we will request that an autopsy be performed.

This will be necessary so that we could determine the cause of death and to examine the results

of this therapy.

Benefits: It is impossible to say that you will receive any benefit from this study. Similar

studies in rabbits that also have this type of disease have shown that a similar form of therapy

lowered the "fat" level in their blood for at least four months. This suggests that this therapy

may lower your lipid levels, however, it is impossible to predict the likelihood that a human
being will respond in the same manner as a rabbit. Following infusion of the corrected liver

cells, you will be restarted on your previous lipid lowering therapy. Important information

will be gained in this study that may benefit other patients with this disease or similar

inherited diseases.

Risks, Inconvenience and Discomforts: There are many possible risks and discomforts

that may happen to you in this study. These will be explained in detail below.

Initial Evaluation: Problems may occur from the blood drawing, which involves a needle stick,

and may result in a bruise at the site of the stick. Very rarely a local infection may occur at the

site of the needle stick that would require treatment with antibiotics or drugs to kill the

bacteria causing the infection. Other inconveniences include the time required for this

evaluation.

Liver Surgery: Severe complications may result from the operation that removes part of your
liver. It is possible that you would experience problems with the anesthesia that would affect

and possibly cause damage to your heart and brain. It is very rare, but you may die from these

problems with the anesthesia. Death from the surgery itself is a very rare complication (less

than 0.1%) but this can occur. The surgery to remove part of your liver may also result in

internal bleeding or an infection. This may require a second operation to correct the bleeding.

There may also be damage to your liver that causes it to fail (this is also very rare; with less

than a 1% chance occuring during the procedure). Pain from the surgery site may persist for

long periods (several months) after the surgery, but this will diminish with time. Limitations

to certain activities, such as exercise, will be necessary due to the surgical wound. These
activities may not be started until you have complete healing of this area. Infection from the

tube that was put into the vein that leads to your liver may also occur and this would require

treatment with antibiotics or removal of the tube.
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Infusion of the liver cells: There are several risks from the infusion of cells. It is possible that

infusion of cells would cause an infection, a blood clot, or possible bleeding. These
complications may result in liver failure, and may require you to undergo a liver transplant.

The clots in the blood vessels near the liver may make the liver transplantation difficult to

perform. There are also risks involved with giving you cells that have been genetically

corrected. Although the mouse virus that is used to insert the gene for the normal LDL receptor

into your liver cells has been inactivated, it is possible that events may occur within your liver

cells that result in the production of a new infectious virus or cancer of the liver. Because the

technique of placing normal genes into cells is very new, it is also possible that this therapy

may cause unforeseen problems.

Period after leaving the hospital: The risks during this time involve the possibility of your

body recognizing the new LDL receptor as foreign. Your body may try to reject these cells. This

may result in the destruction of the infused, corrected liver cells. The function of the rest of

your liver should not be affected. There may also be the previously mentioned risks of blood

drawing.

Confidentiality of Research Records: The principal investigator will keep a confidential

record of your participation, which will be maintained and secured in the Clinical Research
Center of the University of Michigan. Representatives of the National Institutes of Health, The
Food and Drug Administration, or other regulatory agencies outside the University of Michigan
will have access to your records. Your privacy will be protected by withholding your identity

during any recording and reporting of this research.

Alternatives to Participation: Your participation in this study is entirely voluntary and

you can withdraw from the study at anv time. A decision not to participate will in no way
jeopardize your health care, and you will continue to receive other therapies for your familial

hypercholesterolemia as prescribed by your doctor. Alternative therapies for elevated blood

"fats" involve taking medicine to lower the "fats" or repeatedly siphoning "fats" from your blood

(plasmapheresis). Liver transplantation has also been shown to correct the defect in liver

function in familial hypercholesterolemia. The physicians involved in this study can further

explain these alternative forms of treatment and their risks and benefits to you.

Cost to You: There will be no cost to you for your participation in this study. Any costs

resulting from care you require as part of this study or because of complications from this

study will be provided through the Clinical Research Center of the University of Michigan.

Compensation for Illness or Injury: You will receive no compensation for any physical

injury or illness that results from your participation in this study, but as previously stated,

you will receive free treatment for these complications.
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Significant New Findings: Any significant new findings resulting from this study will be
made known to you and your family.

Voluntary Consent: I have read this consent form, or it has been read to me. Any questions I

have concerning this study and my participation have been answered, and I have been given the

names and phone numbers of the administrators at the University of Michigan Medical Center

who I can call concerning my rights as a research participant. My signature below means that I

am freely agreeing to participate in this study.

Subject's Signature Date

I have explained this consent form and the nature of this study to the patient. I have explained

all possible risks and potential benefits, and have answered any questions asked by the subject.

I have also witnessed the above signature.

Investigator's Signature Date
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EARENT OR GUARDIAN CONSENT FOR A CHILD TO PARTICIPATE AS A SUBJECT IN AN
INVEST IGATIONAL STUDY

TITLE: Ex Vivo Gene Therapy of Familial Hypercholesterolemia

Principal Investigator: James M. Wilson, M.D., Ph.D.

Chief, Division of Molecular Medicine and Genetics

Associate Professor of Internal Medicine

Purpose of Study: The purpose of this study is to determine whether it is possible to correct

a dysfunction of the liver in patients with a disease called "familial hypercholesterolemia". In

this disease the liver is unable to remove lipids ("fats") from the blood. As a result, very high

levels of "fats" accumulate in the blood. This occurs because a liver cell protein (called the LDL
receptor) that removes the "fats" from the blood does not work. This disease can cause
atherosclerosis or "hardening of the arteries". Serious damage to the heart and the blood vessels

can occur. The damaged vessels can produce heart attacks, strokes, and possibly death.

Your child has been asked to participate in this study because he/she has the disease,

familial hypercholesterolemia. We will attempt to correct the defective function within your
child's liver cells by adding to their cells the gene that produces the normal LDL receptor. If

this therapy is successful, your child's liver cells will make a normal version of the protein

that will remove the excess "fats" from the blood.

We will attempt to correct the defective LDL receptor protein in your child's liver cells

by first removing a piece of his/her liver about the size of a golf ball. This liver tissue will be
cut into small pieces to release the liver cells and the cells will be grown in plastic plates in the

lab. We will then place the gene that produces the normal LDL receptor into your child’s liver

cells using the following technique. The liver cells are exposed to a mouse virus which carries

the normal gene. The normal gene then enters your child's liver cells. These corrected liver

cells are then infused into a vein that leads to your child's liver where they will implant and
grow. Because these cells now produce the working protein for "fat" removal, we hope the cells

will remove the excess "fats" from your child's blood and the level of "fats" will decrease
towards the normal range. After infusing the liver cells back into your child's liver, we will

study the function of these corrected cells, the levels of "fats" in his/her blood, and the way
his/her body reacts to the corrected cells.
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Detailed Description of Participation: Your child's participation in this study involves a

number of very complicated steps and procedures. These will be explained individually in the

order that they will be done. You should be aware that you can withdraw your child at any point

in the study without jeopardizing your child's future care at the hospital.

Initial Evaluation : Your child will undergo an extensive evaluation to determine if he/she is

eligible to participate in this study. We will conduct a medical history and physical exam, blood

tests (which will remove about 2 to 3 teaspoons of their blood with a needle), urine analysis,

X-rays and electrocardiogram. Because patients with familial hypercholesterolemia sometimes
experience hardening of the arteries of the heart, we may perform a cardiac catheterization. If

your child requires this, that procedure and its risks will be explained thoroughly and your
consent will be obtained separately.

Liver Surgery: Your child will be admitted to the hospital one week before the operation that

removes part of his/her liver. During this one week time period, the levels of "fats" in his/her

blood will be monitored daily. One to two teaspoons of blood will be drawn from your child

every day during this week.

We will next perform the surgery that removes part of your child's liver. He/she will

receive general anesthesia (drugs) that puts them to sleep. A tube will be inserted through

your child's mouth into his/her lungs and a machine will breathe for him/her during the

surgery. The surgeon will make a 4 inch cut across his/her abdomen just below his/her ribs.

The surgeon will then remove the left part (15-20%) of the liver, being careful not to damage
the rest of the liver. A tube will then be placed in a blood vessel which leads to the liver. This

tube will be used three days later to infuse the corrected liver cells (see below). The surgeon
will then close the wound by suturing (sewing) or stapling it shut. We will awaken your child

and watch him/her closely in the recovery room to determine if any complications occur
(explained below). After your child is stable, we will take him/her back to their hospital room
so that he/she can recover. Your child will be able to leave the hospital two weeks after this

surgery, although he/she may experience some pain and discomfort for a much longer period.

Reinfusion of the Corrected Liver Cells : Three days after your child's surgery, he/she will be
taken to a special room where doctors will to make sure that the tube is still in the blood vessel

that leads to his/her liver. The doctors will then take the liver cells (that have been given the

normal gene for the LDL receptor) and infuse them through this tube. They will then remove
the tube. Your child will remain in the hospital for 7-10 days after infusion of the corrected
liver cells so that we can monitor him/her for possible complications of the therapy (explained

below). The total length of your child's stay in the hospital for the liver surgery and infusion of

the liver cells will be approximately 3 weeks. It is possible that there may be technical

problems with either isolation of the cells or placement the normal gene into your child's liver

cells. If this occurs, we may be unable to reinfuse your child's liver cells back into his/her

liver and the study would have to be terminated at this point.
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Monitoring After Discharge from the Hospital: After your child's liver cells have been infused

back into his/her liver and he/she has left the hospital, we will need to monitor your child

closely for the effects of the corrected liver cells. For the 4 weeks following discharge from the

hospital, your child will have to come back to the hospital for 2 days each week (each visit will

last about one hour). After these first four weeks, your child will have to come back to the

hospital for visits every week for four months. After this time, the frequency of your child's

visits will be determined by his/her medical condition with a minimum of one visit per year.

Small amounts of blood (one to two teaspoons) will be taken from your child on each visit. We
will also need to remove a small piece of your child's liver tissue in order to examine it for the

corrected cells. This will be done about three months after the infusion of the corrected cells

back into his/her liver. A doctor will place a needle through your child's skin into his/her

liver and remove a tiny piece (the size of a pencil tip) of liver. This will not require another

operation. This procedure will be explained to you at the time it will be performed and consent
for your child will be obtained separately. If your child should die for any reason, either during

or after his/her participation in this study, we will request that an autopsy be performed. This

will be necessary so that we could determine the cause of death and to examine the results of this

therapy.

Benefits: It is impossible to say that your child will receive any benefit from this study.

Similar studies in rabbits that also have this type of disease have shown that a similar form of

therapy lowered their "fat" level in their blood for at least four months. This suggests that this

therapy may lower your child’s "fats" levels, however, it is impossible to predict the likelihood

that a human being will respond in the same manner as a rabbit. Following infusion of the

corrected liver cells, your child will be restarted on his/her previous "fat" lowering therapy.

Important information will be gained in this study that may benefit other patients with this

disease or similar inherited diseases.

Risks, Inconvenience and Discomforts: There are many possible risks and discomforts

that may happen to your child in this study. These will be explained in detail below.

Initial Evaluation: Problems may occur from the blood drawing, which involves a needle stick,

and may result in a bruise at the site of the stick. Very rarely a local infection may occur at the

site of the needle stick that would require treatment with antibiotics or drugs to kill the

bacteria causing the infection. Other inconveniences include the time required for this

evaluation.

Liver Surgery: Severe complications may result from the operation that removes part of your

child's liver. It is possible that your child may experience problems with the anesthesia that

would affect and possibly cause damage to his/her heart and brain. It is very rare, but your

child may die from these problems with the anesthesia. Death from the surgery itself is a very

rare complication (less than 0.1%) but this can occur. The surgery to remove part of your

child's liver may also result in internal bleeding or an infection. This may require a second
operation to correct the bleeding. There may also be damage to your child's liver that causes it

to fail (this is also very rare; with less than a 1% chance occuring during the procedure). Pain

from the surgery site may persist for long periods (several months) after the surgery, but this

will diminish with time. Limitations to certain activities, such as exercise, will be necessary
due to the surgical wound. These activities may not be started until your child has complete
healing of this area. Infection from the tube that was put into the vein that leads to his/her

liver may also occur and this would require treatment with antibiotics or removal of the tube.
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Infusion of the liver cells : There are several risks from the infusion of cells. It is possible that

infusion of cell would cause an infection, a blood clot, or possible bleeding. These complications

may result in liver failure, and may require your child to undergo a liver transplant. The clots

in the blood vessels near the liver may make liver transplantation difficult to perform. There
are also risks involved with giving your child cells that have been genetically corrected.

Although the mouse virus that is used to insert the gene for the normal LDL receptor into your

child's liver cells has been inactivated, it is possible that events may occur within your child's

liver cells that may result in the production of a new infectious virus or cancer of the liver.

Because the technique of placing normal genes into cells is very new, it is also possible that this

therapy may cause unforeseen problems.

Period after leaving the hospital: The risks during this time involve the possibility of your
child's body recognizing the new LDL receptor as foreign. His/her body may try to reject these
cells. This may result in the destruction of the infused, corrected liver cells. The function of

the rest of your child's liver should not be affected. There may also be the previously mentioned
risks of blood drawing.

Confidentiality of Research Records: The principal investigator will keep a confidential

record of your child's participation, which will be maintained and secured in the Clinical

Research Center of the University of Michigan. Representatives of the National Institutes of

Health, The Food and Drug Administration, or other regulatory agencies outside the University

of Michigan will have access to your child's records. Your child's privacy will be protected by
withholding his/her identity during any recording and reporting of this research.

Alternatives to Participation: Your child's participation in this study is entirely

voluntary and vou mav withdraw vour child from the study at anv time. A decision not to

participate will in no way jeopardize your child's health care, and he/she will continue to

receive other therapies for his/her familial hypercholesterolemia as prescribed by your
child's doctor. Alternative therapies for elevated blood "fats" involve taking medicine to lower

the "fats" or to repeatedly siphon "fats" from your child's blood (plasmapheresis). Liver

transplantation has also been shown to correct the defect in liver function in familial

hypercholesterolemia. The physicians involved in this study can further explain these

alternative forms of treatment and their risks and benefits to your child.

Cost to You and Your Child: There will be no cost to you or your child for his/her

participation in this study. Any costs resulting from care that your child requires as part of

this study or because of complications from this study will be provided through the Clinical

Research Center of the University of Michigan.

Compensation for Illness or Injury: You and your child will receive no compensation for

any physical injury or illness that results from his/her participation in this study, but as

previously stated, your child will receive free treatment for these complications.

(initials)

I
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Significant New Findings: Any significant new findings resulting from this study will be
made known to you, your child, and your family.

Voluntary Consent: I have read this consent form, or it has been read to me. Any questions I

have concerning this study and my child's participation have been answered, and I have been
given the names and phone numbers of the administrators at the University of Michigan Medical

Center who I can call concerning my child's rights as a research participant. My signature

below means that I am freely giving permission for my child to participate in this study.

Parent/Guardian's Signature Date

I have explained this consent form and the nature of this study to the parent/guardian. I have

explained all possible risks and potential benefits, and answered any questions asked by the

parent/guardian. I have also witnessed the above signature.

Investigator's Signature Date

[
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Assent for the Performance of Gene Transfer Therapy for Familial

Hypercholesterolemia

You have been asked to take part in this study because you have an illness called familial

hypercholesterolemia. This illness causes your liver to work poorly and not remove the fats

from your blood. This can lead to hardening of the arteries, heart disease and poor circulation.

We hope to fix the liver cells in your body by first removing part of your liver, placing the

normal gene for the lipid clearing protein into these liver cells and injecting these cells back
into your body.

This is a very serious study and involves many risks to you. You will have an operation to

remove part of your liver and will have to be in the hospital for at least three weeks. After you
are discharged from the hospital, you will have to come back to the hospital office very often for

at least five months after the surgery. You will suffer pain and discomfort from the surgery for

at least several weekSj and there is even a small risk that this study will hurt your liver or

even kill you. It is not even clear that you can expect any benefit from this study. You can,

however, decide to quit and stop this study at any time and it will not affect how the doctors take

care of you.

It is important that you let us know that you understand all of the things we have told you and
ask any questions you have. If you have any second thoughts about taking part in this study,

please tell us and we will let you stop the study.

Your signature on this paper tells us that we have told you all the problems with this study, and
you have had all your questions answered and are willing to take part in the study. You can
always quit and stop the study if you change your mind.

Participant Date

Witness Date
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DEPARTMENT OF HEALTH AND
HUMAN SERVICES

National Institutes of Health

Recombinant DNA Research: Action

Under the Guidelines

agency: National Institutes of Health,

PHS, DHHS.
action: Notice of action Under the NIH
Guidelines for Research Involving

Recombinant DNA Molecules.

summary: This notice sets forth an
action to be taken by the Director.

National Institutes of Health (NIH).

under the May 7. 1986, NIH Guidelines

for Research Involving Recombinant
DNA Molecules (51 FR 16958).

EFFECT IVE DATE: October 15, 1991.

FOR FURTHER INFORMATION CONTACT:
Additional information can be obtained

from Dr. Nelson A. Wivel. Director,

Office of Recombinant DNA Activities,

Office of Science Policy and Legislation,

National Institutes of Health. Building

31. room 4B11. Bethesda. Maryland
20892. (301) 496-9838.

SUPPLEMENTARY INFORMATION: Today
an action is being promulgated under

the NIH Guidelines for Research
Involving Recombinant DNA Molecules.

This proposed action was published for

comment in the Federal Register of

September 3. 1991 (56 FR 43686), and
reviewed and recommended for

approval by the NIH Recombinant DNA
Advisory Committee (RAC) on October

7. 1991.

L Background Information and Decision

on Action Under the NIH Guidelines

A. Addition ofAppendix D-XXI to the

NIH Guidelines

In a letter dated June 6. 1991. Dr.

Steven A. Rosenberg of the National

Institutes of Health indicated his

intention to submit two human gene

therapy protocols to the Human Gene
Therapy Subcommittee and the

Recombinant DNA Advisory Committee

for formal review and approvaL The

first protocol is entitled: “Immunization

of Cancer Patients Using Autologous

Cancer Cells Modified by Insertion of

the Gene for Tumor Necrosis Factor."

The second protocol is entitled:

“Immunization of Cancer Patients Using

Autologous Cancer Cells Modified by

Insertion of the Gene for Interleukin-2."

This request was published for

comment in the Federal Register on July

2. 1991. (56 FR 30398).

The protocol was reviewed during the

Human Gene Therapy Subcommittee

meeting on July 29-30, 1991. Provisional

approval was granted with the following

stipulations. Although the NIH
Institutional Biosafety Committee had
requested a preliminary experiment •

using tumor cells that were not gene-

modified. the Human Gene Therapy
Subcommittee requested that only tumor
cells transduced with the cytokine genes

be used in these protocols. Further, the

Principal Investigator was requested to

report his results after the first five

patients have been studied: he was
asked to measure the rate of cell growth
8t the injection site, and to do a

polymerase chain reaction assay for

cytokine DNA in the inguinal lymph
nodes and in tumor biopsies at other

sites in the body.

The Human Gene Therapy
Subcommittee forwarded the protocol to

the Recombinant DNA Advisory
.

Committee for consideration during the

October 7-8, 1991, meeting.

This request was published for

comment in the Federal Register on
September 3, 1992 (56 FR 43686).

During the meeting on October 7-8,

1991. the Recombinant DNA Advisory
Committee met to review the protocol

and recommendations from the

subcommittee. Following the discussion,

the Recombinant DNA Advisory
Committee by an identical vote of 17 in

favor, 0 opposed, and 1 abstention,

approved the two protocols with the

following section to be added to

Appendix D:

"Appendix D-XXL

"Dr. Steven A Rosenberg of the National

Institutes of Health. Bethesda. Maryland, can-

conduct two sets of experiments on patients

with melanoma, renal cell cancer, and colon

carcinoma. Tumor will be resected from the

patients as a part of their treatment and
tissue culture lines of the tumor will be
established. The genes coding for tumor

necrosis factor or interleukin-2 will be

introduced into these tumor cells and the

integration and expression of these genes will

be tested. Tumor cells will be injected

subcutaneously and intradermally into the

thigh. The amount of tumor injected will be

less than l/50th of the total of the tumor
burden of the patient. The site of injection -

will be followed and resection of these cells

will take place in 21 days or at a previous

time if the tumor readies a size of 1

centimeter. After the first five patients have
been treated, a report will be filed with the

Recombinant DNA Advisory Committee that

Addresses the following points: (1) The rale of

growth at the injection site: (2) an estimate of

other tumor growth in the patient (3) data

pertaining to the presence of cytolytic or

cytokine producing cells in the draining

inguinal lymph nodes: (4) polymerase chain

reaction (PCR) assay to test for the presence

ofyumor cells in the draining lymph nodes to

determine if there has been metastasis of the

injected tumor, and (S) only gene modified

tumor cells will be used for the immunization.

I accept this recommendation, and
Appendix D-XXI of the NIH Guidelines
will be added accordingly.

II. Summary of Action

A. Addition ofAppendix D-XXI to the
“NIH Guidelines “

The following section is added to
•

Appendix D:

"Appendix D-XXI.

"Dr. Steven A Rosenberg of the National
institutes of Health. Bethesda. Maryland, can
conduct experiments on patients with
advanced melanoma, renal ceil cancer, and
colon carcinoma who have failed all effective

therapy, in an attempt to increase these
patients' immune responses to the tumor, the

tumor necrosis factor gene or the interleukin-

2 gene will be introduced into a tumor cell

line established from the patient. These gene-
modified autologous tumor cells will then be
Injected into the thigh of the patient. To
further utilize the immune system of the

patient to fight the tumor, stimulated
lymphocytes will be cultured from either the

draining regional lymph nodes or the injected

tumor itself. The patients will be evaluated

for antitumor effects engendered by the

injection of the gene modified tumor cells

themselves as well as after the infusion of the

cultured lymphocytes.

OMB’s Mandatory Information
Requirements for Federal Assistance
Program Announcements" (45 FR 39592)

requires a statement concerning the

official government programs contained

in the Catalog of Federal Domestic
Assistance. Normally NIH lists in its

announcements the number and title of

affected individual programs for the

guidance of the public Because the

guidance in this notice covers not only

virtually every NIH program but also

essentially every Federal research

program In which DNA recombinant
molecule techniques tould be used, it

has been determined to be not cost

effective or in the public interest to

attempt to list these programs. Such a

list would likely require several

additioral pages. In addition. NIH could

not be certain that every Federal

-program would be included as many
Federal agencies, as well as private

organizations, both national and
international, have elected to follow the

NIH Guidelines. In lieu of the individual

pngram listing. NIH invites readers to

direct questions to the information

address above about whether individual

programs listed in the Catalog of
Federal Domestic Assistance are

iffected.

Dated: October 15, 1991.

Bemsdiae Healy.

Director, National Institutes ofHealth.

(FR Doc 91-24772 Filed 10-11-91: *45 am]
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discuss whether continued availability of the

device(s) is necessary for the public health.

Dated: October 28. 1991.

Michael R. Taylor,

Deputy CommissionerforPolicy.

|FR Doc. 91-26462 Filed 11-1-91: 8:45 am]

BILLING CODE 4160-01-M

Health Resources and Services

Administration

Advisory Council; Meeting

In accordance with section 10(a)(2) of

the Federal Advisory Committee Act
(Pub. L. 92-463), announcement is made
of the following National Advisory body
scheduled to meet during the month of

November 1991:

Name: Advisory Council on Nurses
Education.

Date and Time: November 21-22, 1991.

9 a.m.-5 p.m.

Place

:

Conference Room K, Parklawn
Building: 5600 Fishers Lane, Rockville,

Maryland 20857.

Closed on November 21, 9 a.m.-3 p.m.

Open for remainder of meeting.

Purpose: The Council advises the

Secretary and Administrator, Health
Resources and Services Administration,
concerning general regulations and
policy matters arising in the

administration of the Nursing Shortage
Reduction and Education Extension Act
of 1988 (Pub. L. 100-607). The Council
also performs final review of grant
applications for Federal Assistance, and
makes recommendations to the

Administrator, HRSA.
Agenda: The open portion of the

meeting will cover announcements:
considerations of minutes of previous
meeting: the reports of the

Administrator, Health Resources and
Services Administration, the Director,
Division of Nursing and staff reports.
The meeting will be closed to the public
on November 21, from 9 a.m. to 3 p.m.
for the review of grant applications for
Special Project Grants; Nursing
Education Opportunities for Individuals
from Disadvantaged Backgrounds,
Advance Nurse Education and Nurse
Practitioner Grants. The closing is in

accordance with the provisions set forth
in section 552b(c)(6), title 5 U.S.C. Code,
and the Determination by the
Administrator, Health Resources and
Services Administration, pursuant to
Public Law 92—463. Anyone requiring
information regarding the subject
Council should contact Dr. Mary S. Hill,

Executive Secretary. Advisory Council
on Nurses Education, room 5C-14,
Parklawn Building, 5600 Fishers Lane,
Rockville, Maryland 20857, Telephone
(301 ) 443-6193.

Agenda Items are subject to change as
priorities dictate.

Dated: October 29, 1991.

Jackie E. Baum,

Advisory Committee Management Officer.

HRSA.

(FR Doc. 91-26463 Filed 11-1-91; 8:45 am]

BILLING CODE 4160-1S-M

National Institutes of Health

National Institute on Deafness and
Other Communication Disorders;

Meeting of the National Deafness and
Other Communication Disorders
Advisory Board

Pursuant to Public Law 92-463, notice

is hereby given of the meeting of the

National Deafness and Other
Communication Disorders Advisory
Board on November 18, 1991. The
meeting will take place from 8:30 a.m. to

4:30 p.m. in Conference Room 6, Building

31C, National Institutes of Health, 9000
Rockville Pike, Bethesda, Maryland
20892.

The meeting will be open to the public

to discuss the Board’s activities and to

present special reports. Attendance by
the public will be limited to the space
available.

Summaries of the Board’s meeting and
a roster of members may be obtained
from Mrs. Monica Davies, National

Institute on Deafness and Other
Communication Disorders, Building 31,

room 3C08, National Institutes of Health,

Bethesda, Maryland 20892, 301-402-

1129, upon request.

(Catalog of Federal Domestic Assistance
Program No. 13.173 Biological Research
Related to Deafness and Other
Communication Disorders.)

Dated: October 24, 1991.

Raymond Bahor,

Acting Committee Management Officer, NIH.

(FR Doc. 91-26482 Filed 11-1-91; 8:45 am]

BILLING CODE 414Q-01-M

Human Gene Therapy Subcommittee;
Meeting

Pursuant to Public Law 92-463, notice

is hereby given of a meeting of the

Human Gene Therapy Subcommittee (a

subcommittee of the Recombinant DNA
Advisory Committee) on November 21-

22, 1991. The meeting will be held at the

National Institutes of Health (NIH),

Building 31, Conference Room 6, 9000

Rockville Pike. Bethesda, Maryland
20892, starting on November 21 at

approximately 9 a.m. to adjournment on

November 22 at approximately 5 p.m.

The meeting will be open to the public

to discuss the following proposed

actions under the NIH Guidelines for
Research Involving Recombinant DNA
Molecules (51 FR 16958):

I. Addition to Appendix D of the “NIH
Guidelines" Regarding a Human Gene
Therapy Protocol/Dr. Nabel

In a letter dated October 18, 1991, Dr.

Gary J. Nabel of the University of

Michigan Medical School indicated his

intention to submit a human gen?
therapy protocol to the Human Gene
Therapy Subcommittee and the

Recombinant DNA Advisory Committee
for formal review and approval. The title

of this protocol is: “Immunotherapy of

Malignancy by In Vivo Gene Transfer

Into Tumors."

II. Addition to Appendix D of the “NIH
Guidelines" Regarding a Human Gene
Transfer Protocol/Dr. Cometta

In a letter dated October 10, 1991, Dr.

Kenneth Cometta of Indiana University

indicated his intention to submit a

human gene transfer protocol to the

Human Gene Therapy Subcommittee
and the Recombinant DNA Advisory
Committee for formal review and
approval. The title of this protocol is:

“Retroviral-Mediated Gene Transfer of

Bone Marrow Cells During Autologous

Bone Marrow Transplantation for Acute
Leukemia."

III. Addition to Appendix D of the “NIH
Guidelines” Regarding a Human Gene
Transfer Protocol/Dr. Economou

In a letter dated October 15, 1991, Dr.

James S. Economou of the University of

California, Los Angeles, indicated his

intention to submit a human gene

transfer protocol to the Human Gene
Therapy Subcommittee and the

Recombinant DNA Advisory Committee
for formal review and approval. The title

of this protocol is: “The Treatment of

Patients with Metastatic Melanoma and
Renal Cell Cancer Using In Vitro

Expanded and Genetically-Engineered

(Neomycin Phosphotransferase) Bulk,

CD8( + ) and/or CD4(+ ) Tumor
Infiltrating Lymphocytes and Bulk,

CD8(-|-) and/or CD4(+ )
Peripheral

Blood Leukocytes in Combination with

Recombinant Interleukin-2 Alone, or

with Recombinant Interleukin-2 and
Recombinant Alpha Interferon."

IV. Addition to Appendix D of the “NIH
Guidelines” Regarding a Human Gene
Therapy Protocol/Dr. Sobol

In a letter dated October 18, 1991, Dr.

Robert E. Sobol of the University of

California, San Diego, indicated his

intention to submit a human gene

therapy protocol to the Human Gene
Therapy Subcommittee and the

Recombinant DNA Research, Volume 15 [219]



56416 Federal Register / Vol. 5G, No. 213 / Monday. November 4, 1991 / Notices

Recombinant DNA Advisory Committee
for formal review and approval. The title

of this protocol is: “Lymphokine Gene
Therapy of Cancer Phase I Study of

Tumor Immunotherapy with Autologous
Fibroblasts Genetically Modified to

Secrete Interleukin-2."

V. Addition to Appendix D of the “NIH
Guidelines” Regarding a Human Gene
Therapy Protocol/Dr. Greenberg

In a letter dated October 8. 1991, Dr.

Philip D. Greenberg of the University of

Washington. Seattle, indicated his

intention to submit a human gene
therapy protocol to the Human Gene
Therapy Subcommittee and the

Recombinant DNA Advisory Committee
for formal review and approval. The title

of this protocol is: “A Phase I/II Study of

Cellular Adoptive Immunotherapy Using
Genetically Modified CD8+ HIV-
Specific T Cells for HIV-Seropositive

Patients Undergoing Allogeneic Bone
Marrow Transplant."

VI. Report from the Working Group on
Data Management

At the last Human Gene Therapy
Subcommittee meeting on July 30-31.

1991, the subcommittee formed a

Working Group on Data Management.
The working group was charged with

developing a system for analyzing

approved protocol results for the

purpose of ensuring quality control in

the approval process.

The Human Gene Therapy
Subcommittee will receive a report from
this working group during its meeting on
November 21-22, 1991.

VII. Report From the Working Group on
New Approaches to Gene Therapy

At the last Human Gene Therapy
Subcommittee meeting on July 30-31,

1991. the subcommittee formed a

Working Group on New Approaches to

Gene Therapy. The working group was
charged with gathering information
about the past literature on human germ
line gene therapy. Another issue to be
considered involves selection of

speakers who would discuss basic

science research that is relevant to germ
line gene therapy.

The Human Gene Therapy
Subcommittee will receive a report from
this working group during its meeting on
November 21-22, 1991.

VIII. Report From the Working Group on
the Future Role of the Recombinant
DNA Advisory Committee

At the last Human Gene Therapy
Subcommittee on July 30-31, 1991. the

subcommittee requested that the

Working Group on the Future Role of the

Recombinant DNA Advisory Committee

prepare a report about the feasibility of

merging the Human Gene Therapy
Subcommittee and the Recombinant
DNA Advisory Committee.

The Human Gene Therapy
Subcommittee will receive a report from
this working group during its meeting on
November 21-22, 1991.

IX. Other Matters To Be Considered by
the Committee

Protocols which are approved by the

Human Gene Therapy Subcommittee

will be forwarded to the Recombinant

DNA Advisory Committee for

consideration during its February 10-11.

1992, meeting.

Attendance by the public will be

limited to space available. Members of

the public wishing to speak at this

meeting may be given such opportunity

at the discretion of the Chair.

Dr. Nelson A. Wivel, Director, Office

of Recombinant DNA Activities,

National Institutes of Health, Building

31, Room 4B11, Bethesda, Maryland
20892, telephone (301) 490-9838, FAX
(301) 496-9839, will provide materials to

be discussed at this meeting, roster of

committee members, and substantive

program information. A summary of the

meeting will be available at a later date.

OMB's "Mandatory Information

Requirements for Federal Assistance

Program Announcements” (45 FR 39592.

June 11, 1980) requires a statement

concerning the official government
programs contained in the Catalog of
Federal Domestic Assistance. Normally
NIH lists in its announcements the

number and title of affected individual

programs for the guidance of the public.

Because the guidance in this notice

covers not only virtually every NIH
program but also essentially every

Federal research program in which DNA
recombinant molecule techniques could

be used, it has been determined not to

be cost effective or in the public interest

to attempt to list these programs. Such a

list would likely require several

additional pages. In addition, NIH could

not be certain that every Federal

program would be included as many
Federal agencies, as well as private

organizations, both national and
international, have elected to follow the

NIH Guidelines. In lieu of the individual

program listing, NIH invites readers to

direct questions to the information

address above about whether individual

programs listed in the Catalog of
Federal Domestic Assistance are

affected.

Dated: October 29. 1991.

Raymond Bahor,

Acting Committee Management Officer. NIH.

(FR Doc. 91-26481 Filed 11-1-91: 8:45 am|

BILLING CODE 4140-01-M

DEPARTMENT OF HOUSING AND
URBAN DEVELOPMENT

Office of the Secretary

[Docket No. D-91-970; FR-3172-D-011

Delegation of Authority for the HOME
Investment Partnerships (HOME)
Program, Other than the Indian Tribe

Component of the HOME Program

agency: Office of the Secretary, HUD.
ACTION: Notice of delegation of

authority.

SUMMARY: This notice delegates to the

Assistant Secretary for Community
Planning and Development the

Secretary’s power and authority with

respect to theTIOME Investment

Partnerships (HOME) Program, subject

to specified exceptions. The delegation

of authority does not include the power
and authority to administer the HOME
Program with respect to Indian tribes.

EFFECTIVE DATE: October 28, 1991.

FOR FURTHER INFORMATION CONTACT:
Mary Kolesar, Office of Urban
Rehabilitation. 451 Seventh Street. SW..

Washington. DC 20410, telephone (202)

708-2470, TDD (202) 708-2565. (These

are not toll-free numbers.)

SUPPLEMENTARY INFORMATION: This

notice states the scope of the authority

of the Assistant Secretary for

Community Planning and Development

for the HOME Program. All of the

Secretary’s power and authority is

delegated, except for the component of

the HOME Program involving Indian

tribes (which is delegated to the

Assistant Secretary for Public and
Indian Housing by a separate delegation

published elsewhere in today's Federal

Register). The authority delegated may
be redelegated to employees of the

Department, except for the authority to

issue or waive rules and regulations.

•The HOME Program is a new program

authorized by the HOME Investment

Partnerships Act (Pub. L 101-625, title II.

104 Stat. 4079, 4094-4128 (November 28.

1990), codified at 42 U.S.C. 12721-12839).

In general, under the HOME Program,

funds are allocated by formula among
eligible state and local governments that

qualify as participating jurisdictions to

develop affordable housing for low-

income and very low-income families.

HOME funds are also made available.
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NIH policy on specific issues.
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CALL TO ORDER

Dr. Walters, Chair, called the meeting of the Human Gene Therapy Subcommittee

(HGTS) of the Recombinant DNA Advisory Committee (RAC) to order at 9:00 a.m.,

November 21, 1991. He stated that five protocols would be reviewed. Four protocols

are being presented today and can be classified as either gene marking or gene therapy.

However, one protocol being reviewed today, adds an additional parameter that makes
classification difficult. He asked the HGTS for assistance in classifying Dr. Greenberg's

protocol that includes the introduction of a gene that would allow ablation of the cells

should untoward results occur, and additional comments regarding classification of

protocols.

Mr. Capron suggested that when considering protocols that fall under the category of

gene therapy, perhaps genetic enhancement of circulating cells should be separated from

the treatment of genetic disease. The HGTS should distinguish between the treatment

of genetic and non-genetic diseases when categorizing gene therapy experiments. Dr.

Miller said that all of the treatment protocols should be categorized as gene therapy

without further division. Dr. Leventhal said that distinctions would be important for

categories no longer needing review by the HGTS; until that time, written distinctions

were not necessary.

Dr. Walters said that there would be reports from two working groups of the HGTS
today, the Working Group on New Approaches for Gene Therapy and the Working
Group on Data Management. Dr. Walters explained the protocol review procedures.

Primary and secondary reviewers would comment first, other committee member
comments next, followed by discussion by the committee, questions from the floor, and

finally the investigators would have an opportunity to respond.

Dr. McGarrity noted for the public record that he was now associated with Genetic

Therapy, Inc., which is supplying vectors to Drs. Economou and Cometta.

PROPOSED AMENDMENT TO APPENDIX D OF THE NIH GUIDELINES
REGARDING A HUMAN GENE TRANSFER PROTOCOL ENTITLED THE
TREATMENT OF PATIENTS WITH METASTATIC MELANOMA AND RENAL CELL
CANCER USING IN VITRO EXPANDED AND GENETICALLY-ENGINEERED
(NEOMYCIN PHOSPHOTRANSFERASE) BULK, CD8(+) AND/OR CD4(+) TUMOR
INFILTRATING LYMPHOCYTES AND BULK, CD8(+ ) AND/OR CD4(+

)

PERIPHERAL BLOOD LEUKOCYTES IN COMBINATION WITH RECOMBINANT
INTERLEUKIN-2 ALONE, OR WITH RECOMBINANT INTERLEUKIN-2 AND
RECOMBINANTALPHA INTERFERON/Dr. Economou:

Review—Dr. Miller
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Dr. Walters called on Dr. Miller to present his primary review of the protocol submitted

by Dr. Economou of the University of California, Los Angeles. Dr. Miller said that this

protocol involves genetic marking of tumor-infiltrating lymphocytes (TILs) and peripheral

blood lymphocytes (PBLs) with retroviral markers to follow their persistence and

distribution in patients with melanoma and renal cell cancer. This protocol is similar to

one submitted by Rosenberg, et aL, using TILs marked with the LNL6 vector. The
Rosenberg protocol was reviewed and approved by the HGTS and the RAC. Dr.

Economou's protocol proposes to mark various cell populations using LNL6 and a new
vector, GINa. Dr. Miller stated that the GINa retroviral vector is probably safer than

LNL6.

Dr. Miller thought that the protocol was adequately documented, including the Points to

Consider in the Design and Submission of Protocols for the Transfer of Recombinant DNA
into the Genome ofHuman Subjects (Points to Consider) section. The objective is to

establish which cell populations would provide the most effective form of treatment by

marking them independently with separate vectors and following them in the patient.

There will be six different sub-populations of cells isolated: total TILs, CD8( + ) TILs,

CD4( + ) TILs, total PBLs, CD4( + ) PBLs, and CD8( + ) PBLs.

Dr. Miller said that the investigators will use a device called a Cellector® to isolate the

various subpopulations of lymphocytes. This gene marking experiment will use a total of

six cell populations; each population will be marked with either the LNL6 or GINa
retroviral vector to assess homing of these cells to tumor in patients. He asked if the

Cellector® had been approved for use by the Food and Drug Administration (FDA).

The investigators indicated yes, and that they would present an FDA approval or have

information pertaining to FDA's approval of this device.

Dr. Miller said that it was unfortunate that for the analysis the investigators had chosen

polymerase chain reaction (PCR) primers that were the same fragment size. Since the

primers are the same size, two separate amplifications will be necessary for each

population of cells. The investigators have stated that they may address this problem in

the future, but that they intend to proceed with the PCR analysis using the primers

described in this protocol. Dr. Miller asked the investigators where the PCR analysis

will be performed. Dr. Miller said that although the investigator states that these assays

will be performed in his own laboratory, the pictures submitted to the HGTS for review

are uninterpretable. The investigators need to provide more primary PCR data during

their presentation.

The investigators also need to provide safety data on the GINa vector. There is no

reason to believe that this new vector should have any risks associated with it over

LNL6. However, the HGTS ought to have access to these safety data.
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Dr. Miller asked Dr. Economou to summarize the responses that had been seen in

patients receiving either TIL or PBL therapy alone. The same procedures (without the

gene marking portion of the protocol) have already been approved and performed on

cancer patients. No data had been submitted in this protocol indicating that TIL and

PBL therapy offer any therapeutic benefit to the patient. The investigators need to show

data that marking studies will improve the utility of this protocol.

Review-Dr. Leventhal

Dr. Leventhal said that the principal concern with the protocol is the assessment of

endpoints. There is an insufficiently detailed plan to assess the trafficking of cells.

There should be a requirement that patients have at least one biopsiable secondary

lesion. Urine, skin, and muscle should be assayed at least once following treatment to

see if there was trafficking of cells to these areas. If lymphocytes are found to traffic to

target tissues, then the therapeutic portion of this protocol could be offered to other

patients.

The patient eligibility portion of the protocol is unclear. The investigators state that the

protocol will be available to patients for whom no other reasonable therapy is available.

For melanoma and renal cell cancer, that would include any patient with metastatic

disease. Any patient with metastatic disease should be eligible for this protocol.

Dr. Leventhal stated that there was no relevant statistical section in the protocol to

address the assessment of trafficking. The investigators have not explained how they will

select the patients, collect the data, or analyze data. It is unclear which patients are

going to be eligible for analysis at the end of treatment.

Dr. Leventhal said that overall this protocol is very good. The investigators have

responded to her request to separate the consent forms into two portions, a description

of the therapeutic portion with the biomodulators and another section describing the

gene therapy part of the protocol. The section of the consent form that describes biopsy

of skin, muscle, and tumor should be moved from the biomodulator section to the gene

therapy section. The reason for this suggestion is that biopsies would only be performed

to assess trafficking of the marked cells. Dr. Walters noted that the University of

California, Los Angeles (UCLA) Institutional Review Board (IRB) had also

recommended that the investigators divide the consent form into a gene marking section

and a therapy section.

Other Comments

Dr. Areen said that she had risk versus benefit concerns about the GINa vector. How
would the addition of this new vector affect the patient? The investigators need to
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describe in detail the clinical observations seen in patients that had previously been

treated with this same protocol without the gene marking portion. The investigators

need to respond to previous concerns of the UCLA IRB, regarding the procedural

aspects of monitoring six separate categories in this protocol. The IRB asked that the

investigators use precautions comparable to those used for blood banking. The IRB has

a legitimate concern considering the complexity of the protocol.

Dr. Mclvor commented on the issue of molecular tagging of lymphocytes to demonstrate

specific homing to target tissues rather than the random presence of lymphocytes in

tumors as a result of circulation through the vascular system. This protocol has more
emphasis on quantitating PCR products than other protocols previously reviewed by the

HGTS. The investigators need to further explain the use of a control system to

quantitate the number of tagged lymphocytes in target tumors compared with the

number of tagged lymphocytes in control tissues. How would this system demonstrate

specific homing to tumor cells?

Ms. Meyers stated that the informed consent document is too technical for the lay

person to understand. Several sections require clarification. Dr. Walters referred Ms.

Meyers to an amended version of the consent form that contains most of the issues that

she addressed.

Mr. Capron stated that there were several ambiguities in the consent form. In one

section, the document informs the patient that TIL therapy will be expected to "cause

partial or complete regression of their tumor." In another section, TIL therapy is

describe more tentatively as to whether or not the patient will benefit. Yet in another

area of the consent form that addresses gene marking, the investigators state that

"marked TIL and PBL may be of benefit to patients on future protocols, but this

research will not be of immediate benefit to patients entering this trial." The
investigators need to be consistent in describing benefit of the procedure to the patient.

Mr. Capron expressed concern about the title of the research, "Treatment of Patients With

Metastatic Melanoma and Renal Cell Cancer." The title should be divided as well as the

protocols so that people being treated for one particular type of cancer would not be

misled to think that they may have another type of tumor. Clear separation of the

consent forms would avoid unnecessary confusion to the patient. Mr. Capron agreed

with Ms. Meyers that more "patient friendly" language should be incorporated into the

document.

Dr. Leventhal said that perhaps the HGTS was spending too much time discussing

changes in the informed consent document that might not be accepted by the

investigator's IRB. Since the IRBs are the final arbiters of this document, perhaps the

HGTS should limit their review to the gene marking portion of the consent form. The
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HGTS should offer suggestions to the investigators on how to improve their consent

forms. However, researchers could not be expected to make all of the suggested changes

since that is not within their authority.

Mr. Capron remarked that the HGTS was one of the few public forums in which patient

consent forms could be reviewed. This review gives insight as to the operation of IRBs

around the country on a scale that is unprecedented. However, the HGTS should only

focus on areas of the consent form that concern gene transfer or gene therapy.

Dr. Zallen asked the investigators to address the process that is involved in obtaining

informed consent from these patients. What avenues of information transfer are

available to the potential subject? What kinds of time frames are involved?

Ms. Meyers maintained that the HGTS's role was vital in addressing public concern

about gene therapy. In-depth review of patient consent forms is one process by which

the rights and welfare of the patient can be protected.

Dr. Epstein said that the purpose of the experiment was not readily apparent. There is a

question if the goal is to test the various lymphocyte populations for therapeutic purposes

or if this was merely a trafficking study to differentiate homing of PBL versus TIL. The
degree of purification of CD4( + ) and CD8( + ) cells isolated from the bulk populations is

unsatisfactory. If the separation technique employed allows for contamination of the

separate populations, the resulting data will be uninterpretable. The problem of

contamination could be amplified further since there is often clonal selection in these

tumors. The investigators need to address the degree of separation achieved by the

Cellector*.

Dr. Parkman asked the investigators to provide information concerning what control

would be used to distinguish between lymphocytes present in the tumor as a result of

circulation as opposed to those which specifically home to tumor targets. Will biopsies

of tissues other than tumor be performed?

Dr. Walters asked for clarification concerning a change in the revised consent form

concerning the establishment of cell lines from patient's blood and/or tumor specimens.

In the original consent document, the patient had the option to grant permission to use

his/her specimen to establish a commercial cell line. In the revised document, the

patient's option statement has been removed. The new version states that cells obtained

from the patient may be used to establish cell lines that may be shared with other

researchers and may be of commercial value.

Presentation-Dr. Economou

Recombinant DNA Research, Volume 15 [231]



Human Gene Therapy Subcommittee - 11/21-22/91

Dr. Walters called on Dr. Economou to respond to the reviewers comments and

questions. Dr. Economou presented a report on eight melanoma patients receiving TIL
therapy at the UCLA. The first patient had metastatic melanoma at multiple

subcutaneous sites and in the lung. Several subcutaneous sites were harvested and

expanded in interleukin 2 (IL-2). Analysis revealed a 98% pure population of CD8(+)
TIL. These cells exhibited autologous tumor-specific cytotoxicity that was major

histocompatibility complex (MHC)-restricted. Cytotoxicity was not observed against

allogeneic cells. No clinical response was observed following administration of maximum
tolerated doses of TIL and IU2. Experiments on another melanoma patient with only

one subcutaneous nodule and two large liver metastases generated few TIL cells with a

mixed phenotype and non-specific tumor cell cytoxicity. A computerized tomography

(CT) scan showed dramatic reduction in the size of the patient's liver metastases

following the administration of homeopathic doses of TILs. Dr. Economou stated that

he has not been able to identify in vitro correlates for biological behavior in vivo.

A third case was presented in which a patient had metastatic melanoma to the axilla to

several subcutaneous sites. Also, the patient had two metastases, one in the brain and

the other in the kidney. The axilla mass was resected and TIL were expanded.

Following administration of these expanded TIL, the subcutaneous mass disappeared and

another was reduced in size by 50%. Resection of the subcutaneous metastasis revealed

necrotic tumor. The kidney metastasis was unaffected by treatment. Following a radical

nephrectomy of this patient, the kidney tumor was identified as primary renal cell cancer.

Therefore, this one patient was internally controlled; melanoma TIL effected regression

of the melanoma tumor but had no effect against the renal cell cancer. It has not been

possible to determine which properties are responsible for these clinical results.

In response to the earlier question asking if the cytotoxic effect of TILs could be

enhanced, Dr. Economou said that an increase in tumor specificity could be tested in

vitro. TILs exhibit increased cytokine production but it is unclear which ones are

necessary for improved specificity: tumor necrosis factor (TNF), IL-7, or granulocyte-

macrophage colony stimulating factor (GM-CSF). Dr. Economou hypothesized that TIL
will preferentially traffic to tumor, but not to muscle, skin, or other organs or tissues.

This protocol will permit an unambiguous and clear testing of the in vivo behavior of

TIL.

Dr. Economou presented a brief overview of the protocol. TIL and PBL will be isolated

from the patient and transduced with two very closely related (but PCR-distinguishable)

retroviral vectors. These transduced cells will be expanded in IL-2 then infused into the

patient. Bulk TIL and PBL, CD8( + ) TIL and PBL, and CD4( + ) TIL and PBL
populations will be isolated and compared. The melanoma patients will be supported

with continuous infusion of IL-2 and intramuscular injection of a-Interferon (IFN).

Renal cell patients will receive continuous infusion of a-IFN in addition to IL-2.
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Dr. Economou explained that two different retroviral vectors would be used to transduce

TIL and PBL; these vectors are referred to as LNL6 and GINa. The major differences

between these two vectors is the insertion of a small polylinker sequence to allow them

to be distinguishable by PCR. Data were presented showing that purified and isolated

CD8( + ) TEL and CD4( + ) TIL could be transduced with these vectors and that there was

appropriate integration with the proper primers. The data also indicated that a single

gene copy of LNL6 or GINa could be detected in 10
5
cells using these primers.

This protocol would allow the investigators to support or refute the hypothesis that TIL
have specific localizing properties. However, the ratio of TIL to PBL being infused must

be determined. At various intervals, the investigators will sample blood and biopsy

tumor, uninvolved skin, and skeletal muscle to compare these ratios.

Dr. Economou emphasized that biopsy strategy is critical since the procedure will

probably not directly benefit the patient. Inclusion criteria for entering into this protocol

require that patients have subcutaneous disease. The reason for this requirement is that

these subcutaneous nodules can be biopsied at various intervals. A diamond block

anesthetic would be placed around a small tumor deposit to perform an elliptical

incision. The tumor would then be removed, the adjacent fat, skin at the corners of the

incision, and then the fascia would be opened up to remove a couple of fascicles of

skeletal muscle. Therefore, only one anesthetic would be required to obtain four

different tissues. These specimens would be used for pathology analysis and semi-

quantitative PCR.

The protocol involves obtaining immunological information on these TILs.

Cryopreserved autologous tumor specimens will be available to test the specificity of TIL
compared to allogeneic tumor cell lines. Autologous tumor cell lines can be generated

in approximately 80% of these patients. TIL will be analyzed for gene expression of a

number of cytokines and for protein production. Hopefully, the following scientific

information will be yielded from this protocol: (1) a definitive and unambiguous test of

the hypothesis that TIL will localize to tumor, (2) the ability to compare bulk TIL versus

CD8( + ) and CD4( + ) TIL in vivo trafficking, and (3) a correlation of in vivo behavior

with cytotoxicity, phenotype, and cytokine production.

Dr. Economou introduced his co-investigator, Dr. R. E. Belldegrun from the Division of

Urology at UCLA. Dr. Belldegrun will be responsible for the urologic cancer patients.

Presentation-Dr. Belldegrun

Dr. Belldegrun said that unlike melanoma, renal TIL are a heterogeneous population of

cells. These TIL exhibit a short period of lytic activity, approximately four to five weeks,

and then disappear. The phenotype of renal TIL differs from melanoma; it corresponds
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to the timing of cultures. Renal TIL demonstrate an increase in CD4( + ) rather than

CD8( + ) populations. On a clonal level, CD8( + ) clones are highly specific against renal

cell carcinoma. However, these clones are the minority, and this effect cannot be

demonstrated in the bulk population.

Ten renal cell carcinoma patients have been treated with various combinations of TIL,

IL-2, and a-IFN. In every patient treated, TIL were expanded to between 10
10 and 10

11

total cells. In each patient, the TIL that were generated exhibited varying percentages of

CD4(+) or CD8( + ) cell populations, all of which were expanded in IL-2. All TIL
derived from these patients demonstrated a high level of cytotoxicity against autologous

tumor cells in vitro. A wide range of responses to this therapy was observed. Some of

the renal cell carcinoma patients exhibited no response while two patients showed

complete remission of all tumor sites.

Based on the results of this study, Dr. Belldegrun said that a new protocol was initiated

(in collaboration with Applied Immune Science of Menlo Park, CA) looking at the

administration of CD8( + ) TIL subpopulations for the treatment of renal carcinoma.

Nine patients were studied, using the Cellector® T-150, a selection flask that provides a

mean purity of 97% CD8( + ) cells. Cells were successfully expanded from all patients

that were more than 95% CD8( + ). Autologous tumor killing was contained in this

fraction. A Phase I/II study was then initiated using a combination of CD8( + ) renal

TIL and IL-2.

Dr. Economou addressed the biologic and safety issues of the new retroviral vector

GINa. GINa has passed all of the safety tests that had been required by the HGTS and

RAC for previously approved vectors. The only test pending is for mycoplasma, and

these data should be obtained in a few weeks. Dr. Economou said that he would

forward the mycoplasma data to Dr. Miller when it became available, along with helper

virus data.

Discussion

Dr. Miller asked if GINa had been screened for bovine diarrheal virus and porcine virus.

Dr. Robert Moen of Genetic Therapy, Inc. (GTI), replied the GINa vector had been

submitted to those tests and the results were consistent with those already approved by

the HGTS. Dr. Miller requested a list of the tests that had been performed. Dr.

Leventhal asked that dates be included with that list, as well as the number of lots

tested. Dr. Miller requested data on the number of mice and hamsters that had been

injected, the volume of supernatant, and whether any positives occurred. He would like

to examine all of the documentation that the investigators submitted to the master file

for the FDA. Dr. Moen said the documentation given to the FDA could be supplied

either in toto or in condensed form.
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Dr. Mclvor said that it is not necessary to review the entire FDA file. However, the

HGTS should clarify exactly what test results it expected to see from the investigators

with regard to new retroviral vectors. The investigators need to present data along with

the positive controls. Dr. Leventhal noted the mention of "slight changes attributable to

a higher titer as seen with GINa." These changes need to be specified.

Dr. Erickson requested additional data on PCR quantitation. Dr. Miller suggested that

vector sequence data should be provided for comparison to known oncogenes in

GenBank as well as screening for open reading frames that could potentially encode for

new proteins. Dr. Miller asked for evidence of the quality of testing that will be

performed. Dr. McGarrity replied that GTI would provide specific results.

Dr. Anderson cautioned the HGTS against wanting to examine all of the data that are

submitted to the FDA; some investigators may not have that option due to concerns

about confidentiality. Dr. Walters suggested that this information should be made
available only to the primary reviewers. Dr. Anderson agreed.

Dr. Parkman said that there was no problem with modifying a basic vector, but that a

new vector should be presented with all its accompanying data. Dr. Anderson stated that

GINa was only a minor modification of the LNL6 vector that had previously been
approved by the HGTS and the RAC. Dr. Mclvor disagreed with Dr. Anderson stating

that in the development of the GINa vector, a new cell line had been established.

Safety testing should proceed as with the original vector.

Dr. Leventhal stated that the issue of confidentiality will be discussed in more detail as

part of her Working Group on Data Management report.

Mr. Capron suggested that a vote for approval of this protocol should be conditional

upon review of the vector safety data. Mr. Capron suggested that the HGTS should

arrive at a consensus as to additional data that are required and that the Points to

Consider document should be amended to address specific data requirements for the

review of new vectors.

Dr. Epstein commended the investigators on the design of the protocol, noting the

internally controlled homing experiment. However, additional data should be provided

concerning the ability to determine the cell ratios using PCR. Reconstruction

experiments should be performed using known inputs of cell types and markers. The
data provided demonstrate that no CD4( + ) cells were detectable. Therefore, how will

the investigators expand and obtain a pure population of CD4( + ) cells?

Dr. Parkman asked if PBL expanded in IL-2 are similar to lymphokine activated killer

(LAK) cells. Dr. Economou replied that LAK cells are generated over a shorter time
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period. T cells responsive to IL-2 in long-term cultures frequently generate melanoma-
specific MHC-restricted cytotoxic T lymphocytes (CTL) which are different from LAK.

Dr. Parkman asked if the CD8( + ) cells that adhere to the Cellector ® flask include

CD56( + ) natural killer (NK) cells. The presence of CD56( + ) cells could provide a

major variable. Dr. Belldegrun said that 99% of the cells were CD8( + ) immediately

following selection; there was no evidence of CD56( + ) cells. However, with time in

culture, double positives and CD56(+)/NK cells increased. Dr. Parkman stated that if

the percentage of CD56( + ) cells increases over time in culture, then the population of

CD8( + ) cells probably contains a combination of T and NK cells.

Dr. Economou addressed the issue of quantitation and its role in distinguishing between

the two vectors. There is no differentiation between ratios of 2:1 and 4:1.

Distinguishing between 2:1 and 10 or 20:1 would demonstrate the ability to mix the two

DNAs and pull out the relevant sequences with the primers.

Regarding the consent form, Dr. Economou said the University of California, Los

Angeles (UCLA), Human Subject Protection Committee was the final arbiter in this

area. However, in reference to billing and costs, the patient should not incur out-of-

pocket expenses. Since these procedures were based on an outpatient regimen, costs will

be covered by grants, discretionary funds, or the patient's third party carrier. He stressed

that the doctors are always available and assist the patients when completing the consent

document.

Mr. Capron asked Dr. Economou to report back to the UCLA IRB concerning the issue

of commercialization of the patient's cell line. Dr. Economou responded that this

concern would probably never be an issue because of the fact that the patient's cells

would be used only as target cells; no cytokine genes will be cloned.

Subcommittee motion

Dr. Leventhal moved for approval of the protocol, with the following conditions:

data regarding vector safety and testing will be submitted, reviewed, and accepted

by Drs. Miller and Mclvor, and other members wishing to review the data;

the protocol will be amended to include the provision that patient eligibility will

be limited to those patients with at least one biopsiable lesion post-therapy in

order to assess trafficking; the post-therapy assessment schedule of lesions as

presented will be included; and the statistical section be amended to discuss how
an analysis will be conducted to address trafficking;
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(3) proportionality experiments demonstrating the limits of ability to quantitate

differences in the ratio of LNL6 and GINa will be performed and a stopping rule

will be inserted that will terminate the experiment if the data are uninterpretable;

(4) the language of the informed consent document should be simplified, and the

section describing extra biopsy procedures should be moved from the

biomodulator section to the viral marking section.

Dr. Economou asked if the HGTS wanted him to perform a "spiking" experiment. He
said that a marked TIL could be added to melanoma cell lines and PCR could be

performed to determine the level of detection. Dr. Epstein said that the investigators

already have a good sense as to the number of marked lymphocytes detectable per gram
of tissue.

Dr. Miller asked if PBL grown in IL-2 produced the same response as TIL. Dr.

Economou said that PBL were not expanded for the same length of time as TIL;

however, the same response has been observed with LAK cells. LAK cells are the result

of short-term culture of PBL in high doses of IL-2, not long-term as this protocol

proposes. Dr. Miller said that the real question is whether or not these are TIL or long-

term cultured PBL.

Dr. Miller addressed the issue that in the current protocol (without the gene marking)

patients have received cell populations that express a variety of phenotypes which have

resulted in tumor regression for some patients. Dr. Miller asked Dr. Economou to

explain the rationale for using a CD8( + )
purified population of cells. Dr. Economou

responded that there are a number of variables that need to be addressed: (1) the dose

of the biological response modifier necessary to obtain maximum cytotoxicity, (2) the

differences in individual tumors that allow them to be recognized by different

immunological molecules, and (3) the phenotype of the cell population that is

administered. Dr. Economou said that the use of CD4( + ) versus CD8( + ) is the next

logical issue that needs to be addressed.

Dr. Miller said that there is the safety issue concerning the patient. There is no
rationale for choosing a purified cell population from TIL if the response is unknown.
Dr. Economou said that animal experiments demonstrate that adoptive immunotherapy

of CD8( + ) cells elicits a tumor-specific response.

Dr. Parkman said that this is the best protocol that the HGTS has reviewed. This

protocol has an internal control designed to look at T cells from the peripheral blood

expanded in ID2 compared to TIL that are expanded from the tumor; a definitive result

should be obtained concerning the therapeutic benefits of TIL versus PBL.
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Dr. Miller asked to what extent the investigators were able to mark the vectors, and how
much data existed on the markers. Dr. Economou said that over the last 18 months, no
fewer than 30 different TIL populations had been transduced using a variety of vectors

with transduction frequencies between 1 and 5% with LNL6. Transduction frequencies

with GINa have been higher. The problem with cytokine vectors is with the expression

and selection of pure cell populations in which there is integration; however, the

transduction and success rates are very good.

Dr. Miller asked how a determination could be made that a specific transducable cell

population is isolated if nonselected cells are used. Dr. Economou said that a

heterogenous population is used; however, there is probably a subpopulation of cells that

is receptive to transfection.

Dr. Miller stated that there are several possible implications. Since only a small

proportion of cells are marked, the sensitivity is lower. If the marker is found at the

tumor site, the question remains as to whether the total population or a subpopulation of

cells traffic to the tumor site. This result would be difficult to interpret in terms of the

original bulk population.

Dr. Parkman said the unproven assumption was that transfection would be random.

There could be a negative bias against transfecting certain subpopulations of cells.

Transfection of these subpopulations of cells would require a 100% marking.

Dr. Miller concluded that the patients were not being compromised and that valuable

information could be obtained from the protocol but with many qualifications. Dr.

Economou said the greatest potential was in obtaining data concerning the trafficking

and therapeutic potential of TIL since little information is available about their mode of

action.

Ms. Meyers said the protocol should not be approved because there was no direct

benefit to patients. Questions still remain concerning the vectors. Dr. Economou noted

that direct benefit was achieved in the patients who had clinical responses in spite of

their incurable disease. Ms. Meyers responded that this result occurred through TIL
therapy without gene marking, so that the marking would expose patients to risk without

certainty that new knowledge would be gained.

Dr. B. Murray said that if the HGTS voted to conditionally approve the protocol, a short

summary of the safety data should be provided to the RAC. Dr. Parkman disagreed with

Ms. Meyers, stating that this protocol was an improvement over the TIL protocols that

had previously been approved by the HGTS and the RAC. This protocol is designed to

improve selectivity in the trafficking of TIL to tumor. Dr. Erickson agreed, noting that

the change in vector was trivial.
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Ms. Meyers expressed concern about the reviewers receiving unacceptable information

about the vector after voting approval. Dr. Erickson said that the HGTS is an advisory

group to RAC; therefore, the approval was tentative. Mr. Capron said the RAC should

be able to decide approval based on receipt of satisfactory data. Dr. Miller said his

concern was more with receiving the information and discharging his duty than it was

with the vector.

Dr. Mclvor asked if TIL populations had been transduced with LNL6 and GINa, then

scaled-up to large numbers in order to mimic the conditions under which patients would

be treated. Dr. Economou replied that transduced cells had been kept in culture for

approximately three months and that these long-term TIL exhibited stable vector

integration. However, TIL were not grown up to large numbers due to the cost

associated with large expansions.

Dr. Miller asked if the percentage of vector-marked cells remained unaltered over the

growth period. Dr. Economou replied that the percentage of vector-marked cells

remained constant at approximately 5%. Dr. Miller stated that the HGTS should have

seen these data. Mr. Capron suggested that an amendment to Dr. Leventhal's motion

should be added concerning data on vector marking in long term cultures of TIL. Dr.

Leventhal concurred. Item number five in Dr. Leventhal's motion for approval would

be:

(5) data should be provided showing stable integration of markers in expanded cell

populations in long-term culture.

Dr. Walters asked Dr. Wivel to summarize the motion that was on the table for the

HGTS in preparation to vote on Dr. Economou's protocol. Dr. Wivel restated the Dr.

Leventhal's motion for conditional approval based on the five points stated earlier.

Dr. Walters called for a vote. The motion passed by a vote of 9 in favor, 1 opposed, and

1 abstention. Dr. Parkman stated that he had abstained since one of the co-investigators

was a member of his division.

PROPOSED AMENDMENT TO APPENDIX D OF THE NIH GUIDELINES
REGARDING A HUMAN GENE THERAPY PROTOCOL ENTITLED
IMMUNOTHERAPY OF MALIGNANCYBY IN VIVO GENE TRANSFER INTO
TUMORS/Dr. Nabel:

Review~Dr. Epstein

Dr. Walters called on Dr. Epstein to present his primary review of the protocol

submitted by Dr. Gary Nabel of the University of Michigan Medical School, Ann Arbor,
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Michigan. Dr. Epstein stated that the objective of the protocol was to modify or

enhance the immunologic response to tumors by antigenic modification. There is a

question if there were enough experimental animal data to justify this protocol since the

investigators observed positive results in only two mice. This protocol is designed to

introduce a gene encoding for a class I histocompatibility antigen in tumor cells. The
rationale for this approach is that data from model systems demonstrate that the

introduction of a foreign class I antigen into tumor cells elicits an immune response

against that antigen as well as other non-class I antigens on the tumor cells. Therefore,

the foreign antigen serves to stimulate an immune response against all of the patient's

tumor cells.

Dr. Epstein explained that the histocompatibility antigen gene being used in this protocol

codes for HLA-B7. This gene has been cloned into three vectors that have been inserted

into liposomes in order to facilitate their introduction into cells. These liposomes will be

injected directly into tumor nodules in an escalating dose schedule. In this proposed

Phase I trial, the investigators will monitor patients for side effects, immune response,

evidence of autoimmune reactions, and the effects on existing tumor.

Dr. Epstein described the first vector, Vector I, as a derivative of the retroviral vector,

PLJ, which is derived from the Moloney murine leukemia virus. In response to concerns

raised at the July 29-30, 1991, HGTS meeting, the investigators have replaced the 3' long

terminal repeat (LTR) and the polyoma virus early region with the 3' untranslated and

polyadenylation sequences of the SV40 early region. Therefore, the polyoma virus

sequences that could pose potential risk to the patient have been eliminated.

The new vector, Vector II, has the HLA-B7 gene inserted into a P-globin expression

vector. In this vector, the p-globin gene has been removed, and the Rous sarcoma virus

(RSV) enhancer, the 3' untranslated, and polyadenylation sequences of the SV40 early

region have been inserted.

Vector III incorporates the 3' untranslated, and polyadenylation sequences of the rabbit

p-globin gene. The differences between this revised protocol and the original protocol

presented at the last HGTS meeting is that Dr. Nabel has modified the original vector

and developed two additional expression vectors.

Dr. Epstein reviewed the preliminary animal data involving a mouse model system.

Tumors were established using the CT26 colon adenocarcinoma line transduced with the

original PLJ vector containing the gene for H-2KS
. One percent of these tumor cells

were effectively transduced and exhibited gene expression. Cytotoxic T lymphocytes

(CTL) were generated. This observation was confirmed by data demonstrating that

antibodies against the CTL marker abrogated this response.
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Dr. Epstein discussed two experiments bearing directly on the proposed human
experiments. In the first experiment, four of six animals injected with liposomes

transduced with the H-2KS gene were classified as responders. A responder is defined as

an animal exhibiting a 50% reduction in tumor diameter. None of the nine control

animals were classified as responders. In the second experiment, animals were pre-

immunized with the H-2KS antigen prior to injection of the liposomes into the tumor.

Five of six animals were classified as responders, with two exhibiting complete tumor

regression, although microscopic tumor was still detectable.

Dr. Epstein described experiments that had been performed since the investigators

presented their original data at the July 29-30, 1991, HGTS meeting. Using an MCA
106 murine fibrosarcoma and the new PU vector, Vector I, four out of four pre-

immunized animals were classified as responders; none of five control animals

responded. When mouse experiments were performed using Vectors II and III

containing the RSV enhancer, both a reduction in tumor size and prolongation of life

were observed. Vector II is capable of evoking a systemic CTL response in mice bearing

the CT26 colon adenocarcinoma. If the in vivo transduction of a murine melanoma
results in the generation of a CTL response and subsequent reduction in tumor
metastases, this result would be significant because of the poor immunogenicity of

melanoma cells. Dr. Epstein noted that Dr. Nabel's data demonstrate a significant

reduction of pulmonary metastases originating from a melanoma cell line.

Dr. Epstein said that data exist that liposome-encapsulated DNA may inadvertently

appear in the heart following intratumor injection. The investigators performed

additional experiments to investigate this possibility of cardiotoxicity in both mice and

rabbit animal models. Electrocardiograms and serum creatine kinase assays were
performed in these animals. No cardiotoxicity was observed.

Dr. Epstein viewed the proposal as well prepared, embodying a very innovative approach

to cancer therapy. The investigators responded appropriately to the first review by

providing results of trials with two additional model systems. The positive results of

those model systems were sufficient to justify the initiation of Phase I human trials.

Dr. Epstein raised two points for consideration. First, there is a discrepancy between
this protocol and the IRB application. The IRB application still refers to

adenocarcinoma. Second, he asked the investigators for clarification as to the exact

vector that will be used and the rationale for this choice.

Review-Dr. R. Murray

Dr. Walters asked Dr. Epstein to summarize Dr. R. Murray's review in his absence. Dr.

Epstein said that most of Dr. R. Murray's comments concerned research-related costs to
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the patient and follow-up procedures outlined in the informed consent document. Dr. R.

Murray recommended approval, but requested that continued treatment only be

approved if there is clear evidence of tumor regression. Dr. Epstein noted that since the

protocol was for Phase I trials, it had its own built-in stopping criteria, and that the

recommendation would not pertain to Phase II or III trials.

Review--Dr. Childress

Dr. Walters asked Dr. Epstein to summarize the written review submitted by Dr.

Childress. Dr. Epstein said that the review was favorable but recommended several

minor modifications to the informed consent document.

Other Comments

Dr. Parkman commented that since this protocol would be the first time that genes

would be directly inserted into humans, the HGTS should address post-mortem studies

to be performed in the unfortunate event that a patient should die following treatment

due to progression of the disease. Invaluable information could be obtained from post-

mortem tissue samples. PCR analysis of the reproductive organs (ovaries and testes)

could demonstrate whether germ-line gene transfer had occurred.

Dr. Leventhal said that the investigators had made a number of changes to the protocol

which was originally presented to the HGTS. She asked for clarification concerning

exactly what the patients would be receiving. In the future, changes such as these should

be added as formal amendments to protocols to avoid confusion. If the HGTS asked for

a change in methods, for example, the investigator should submit an entire revised

methods section incorporating these suggestions. Dr. Walters noted that Dr. Nabel had

submitted changes to the protocol in the form of bold print. Dr. Parkman said that

requested information concerning autoimmunity testing has been included and

highlighted in bold print.

Dr. Leventhal said that in the Study Design and Nature of Procedures sections of the

protocol, the investigators should have stated what vectors they intend to use and to

address whether heart tissues were examined at the times electrocardiograms (EKGs)
were performed in the animal experiments. Dr. Mclvor asked if the germ-line tissues

were analyzed by PCR in the animal studies.

Dr. Miller asked Dr. Nabel why the HGTS received additional sequence data. Dr.

Nabel responded that this new sequence information was complete and clarified some
ambiguities that existed in the original protocol. Dr. Miller said that vector sequence

information submitted on paper could not be easily scanned for open reading frames.

Investigators should supply vector sequences on computer disks prior to the meetings.
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Dr. Miller said he would like to review the sequence data on a disk in order to run it

through GenBank.

Presentation-Dr. Nabel

Dr. Walters called on Dr. Nabel to respond to the reviewers' comments and questions.

Dr. Nabel presented data demonstrating the successful transduction of a melanoma cell

line using a retroviral vector containing the gene encoding for HLA-B7. The
transduction efficiency using the retroviral vector was approximately 100%. For

comparison, he showed the same cell line that had been liposome-transduced with

Vector II, which has RSV encoding HLA-B7 with the SV40 polyadenylation signal. The
liposome-transfected cells were then co-transfected with the neomycin resistance (NeoR).

Transduction efficiencies ranged between 10 and 20%.

Dr. Parkman asked how the liposomal DNA was quantitated. Dr. Nabel responded that

the optimal method is to use Vector II, co-transfect with NeoR
,
and stain for P-

galactosidase (p-gal).

Dr. Miller asked if a true melanoma cell line was used or if it was just a primary isolate

that had been grown in culture. Dr. Nabel explained that the melanoma tumor cells

used in these experiments were primary isolates and that these cultures contained

melanin, creating a black appearance. Dr. Nabel said that no delay has been observed

in their growth; however, the cells had obviously undergone selection. Liposomal

transfection experiments have already been performed in colon carcinoma cells

exhibiting similar results.
I

As to the ambiguity of the IRB statement, the investigators sent a letter to their IRB
clarifying that it would be melanoma, and the issue has been resolved.

Dr. Parkman presented a scenario in which tumor biopsies would be performed on two

patients. If the transfection rate in vitro were 10% for one patient and 0.1% for another

patient, would the investigators be inclined to treat the patient exhibiting the higher

tumor transfection rate? Dr. Nabel responded that since there are numerous cell

adaptations between tumor resection and time in culture, the rate of transduction would

not be a realistic criterion for patient selection. In fact, this scenario is one of the

justifications for performing this trial in vivo. Dr. Nabel showed additional animal data

in which an established MCA 106 (fibrosarcoma) leg tumor was injected with the p-gal

vector. An identical tumor on the opposite leg was injected with Vector II containing

the H-2KS
gene. Complete tumor regression was observed with Vector II, and no

response was observed in the control. Following treatment, the tumor recurred. When
treatment was initiated a second time, the recurrent tumor disappeared. Dr. Nabel

hypothesized that successful treatment is probably dependent on accessing sufficient
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numbers of tumor cells.

Dr. Nabel described another mouse model, the VL-6 melanoma model, developed by

Drs. Chang, Shu, and Fox at the University of Michigan. Injection of the tumor with the

H-2KS
vector resulted in complete tumor regression. Subsequent tumor challenge on the

contralateral side demonstrated no tumor growth at the site of injection. However, no

regression was observed in pre-established tumors.

Dr. Nabel said that one aspect of his system was that existing tumors actually regressed,

whereas other approaches have merely attempted to provide immunization. If tumor

regression is occurring, future approaches to cancer therapy may include accessing the

tumor by catherization in order to deliver the gene to cells that are not transfectable by

direct injection of liposomes.

Dr. Nabel presented another murine experiment that would further address the issue of

systemic immunity. Melanoma cells that migrate specifically to the lung were injected

intravenously into mice. Three days following tumor injection, the mice received an

injection of H-2KS
transfected autologous lymphocytes. Resistance to pulmonary

metastases was observed. Preliminary data suggest that with additional parameters,

systemic immunity might be established.

Dr. Nabel responded to Dr. Mclvor's question concerning germ line tissue analysis.

Extensive PCR assays have been performed on germ line as well as other tissues from

more than 25 animals. No PCR positivity was demonstrated in ovaries or testes. No
evidence of pathologic changes was observed in the heart muscle of these animals.

Dr. Nabel presented additional data in which DNA was radiolabelled with S
35

in the

liposome complex and injected intravenously. The majority of the label went to the liver.

Since DNA is degraded rapidly, no label was detected after 24 hours. Following

intratumor injection of these DNA-liposome complexes, fewer than 1 in 10
6
cells are

transduced in the heart compared to 1 in 10 tumor cells. Since injected DNA traffics to

areas other than the injection site, PCR analysis will be performed on all available

tissues obtained from autopsy. This analysis will provide important data.

Dr. Nabel stated that the three vectors referred to in the current protocol were

constructed in response to comments offered by the HGTS members at the July 29-30,

1991, meeting. Vector I allows for the comparison of liposome-mediated vector insertion

versus standard retroviral infection techniques. Vectors II and III are both derivatives of

the RSV vector. The RSV vector was chosen because it is a well documented plasmid

with a known sequence; it has no untoward effects. The RSV vector expresses well in a

variety of tissues, and it contains a stable enhancer. Vector II incorporates the RSV
SV40 polyadenylation (poly A) site. Vector III contains a p-globin poly A site.

[244] Recombinant DNA Research, Volume 15



Human Gene Therapy Subcommittee - 11/21-22/91

Dr. Nabel explained that the PLJ vector and the RSV P-globin vector are equally

effective at mediating tumor regression. In the porcine model, all three vectors induce a

profound inflammatory response in the arteries following delivery of the H-2KS gene to

the vessel wall. The porcine model is the most appropriate choice for demonstrating

efficacy and expression of the vector. Gene expression in human melanoma has been

studied with Vectors I and II only. However, based on preliminary data, the vector of

choice would be Vector II. The rationale for proposing all 3 vectors in this protocol is to

allow for the option of substituting vectors should equal or increased levels of expression

be observed in the future.

Dr. Miller asked Dr. Nabel to describe the assays performed to demonstrate that no T
antigen is made. Dr. Nabel explained how the SV40 poly A sequence was derived in

fragments. There is an MBO I fragment that is approximately 600 base pairs from

position 4700 to 4100. This fragment does not have a start signal or the spliced donor

signals for SV40 large type, but contains the small T antigen coding regions. Dr. Nabel

said that it was probably more germane for the subcommittee to know that there has

been extensive in vivo experience, and there is no reason to believe that there are any

safety concerns.

Dr. Miller noted that RSV is a monkey virus and asked if there were data demonstrating

the safety of this vector in mice. Transgenes often cause illegitimate incorporation,

resulting in transgenic mice that are tumorigenic. Dr. Nabel said that there was no
possibility that the T antigen could be rescued with these vectors. Dr. Miller stated that

it is unfortunate that the (i-globin vector does not produce high levels of transfection and

gene expression compared to the other vectors. Dr. Parkman noted that the HGTS had

not seen data regarding transfection of melanoma cells with the p-globin vector. Dr.

Nabel said that he would like to reserve the option to use the P-globin vector should it

work as well as the other vectors.

Dr. Miller emphasized that the HGTS would have to make a decision as to whether the

investigators should be allowed to insert a fragment of the SV40 T antigen into patients.

In its entirety, this antigen can cause transformation of normal cells that may result in

disease. Dr. Nabel agreed; however, the in vivo data indicate that the T antigen will not

be generated.

Dr. Parkman said that the subcommittee should only approve the use of one vector at

this time. The investigators could propose a minor modification to the protocol at a

later date if they wanted to have another vector approved by the HGTS. Dr. Epstein

said that the subcommittee could recommend approval of a number of vectors if they

thought there was sufficient justification by the investigators. Dr. Parkman agreed in

theory, but the subcommittee cannot approve a protocol that states that the vector will

be defined in the future. Drs. Miller and Epstein agreed that Vectors II and III are safe
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and should be approved by the subcommittee.

Dr. Leventhal asked for clarification concerning end points for discontinuing treatment.

How would a reaction to the HLA-B7 antibody be classified? Would this reaction be

considered toxic or identified as a desired effect? The investigators should outline the

stopping criteria. An analysis section should be included that would address any systemic

responses to the HLA-B7 antigen. The informed consent document should include a

section informing the patient of the possibility that he/she may become sensitized to the

treatment antigen, and if blood transfusions are required, autoimmune responses may
arise due to the presence of antibody against this antigen in the circulation.

Dr. Leventhal noted that she did not agree with the approach that the investigators were

proposing concerning the tumor injection schedule. The investigators plan to give

multiple injections into the same tumor nodule. Dr. Nabel explained that the reason for

giving multiple injections is that there are physical limitations as to how much
DNA/liposome can be delivered into a nodule at any one time. Dr. Nabel said that he

intends to optimize the amount of DNA delivered to the tumor by administering

multiple injections, thereby improving transfection. The maximum volume of

DNA/liposome complex that will be injected at one time is 0.4 milliliters. Injection

volume would depend on the size and condition of the tumor. The number of tracks was

the most important parameter. Although a tumor response would be welcomed, the goal

of this experiment is to achieve the maximum tolerated levels of DNA into the tumor.

When this level has been determined, then gene expression will be monitored in vivo. If

gene expression is achieved in vivo, the mean response will be evaluated.

Dr. Leventhal asked Dr. Nabel to elaborate on the biopsy regimens outlined in the

protocol. Dr. Nabel said that the tumor nodules are to be biopsied prior to the second

injection of DNA/liposomes. Dr. Leventhal noted that the Study Parameters section

describes biopsies that will be performed 1 and 2 weeks, if feasible, following the initial

injection. The statement iffeasible should be eliminated from this section. It would be

more appropriate to say that the biopsies will be required conditional on the availability

of evaluable tumor. Dr. Nabel accepted Dr. Leventhal's rewording in this section.

Dr. Leventhal suggested that the investigators should reexamine the experimental design

of the protocol concerning biopsy schedules. Groups of patients could be defined in

terms of ability to biopsy their tumor, i.e., one group of patients could be biopsied two

weeks following the first injection while another group receives biopsies at five weeks

post-injection. Grouping patients in this manner could yield more definitive information

about gene expression.

Dr. Leventhal asked Dr. Nabel if the size of the liposomes that will be used to treat

patients is the same. Will these liposomes traffic to tissues other than the tumor into
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which they are injected? Dr. Nabel explained that the liposomes have been sized, and

that this was defined in a paper by Dr. Stewart, et al. The liposomes traffic primarily to

the liver and sometimes to the spleen; however, they are degraded rapidly. Dr.

Leventhal asked if post mortem liver biopsies will be performed. Dr. Nabel said that

liver biopsies will be requested in the informed consent document.

Mr. Capron asked why the gene sequence of HLA-B7 was reported as two different

lengths in the protocol. Dr. Miller explained the discrepancy is related to the addition of

a linker. Dr. Miller asked if the entire gene was sequenced. Dr. Nabel responded that

the entire HLA-B7 gene has been sequenced, including all of the junctions and

restriction sites.

Dr. Miller stated that he was concerned about whether the animal model chosen for the

in vivo experiments is the most appropriate system to support the human experiment.

Dr. Parkman explained that there is a basic problem with all animal model systems in

that they all use transplantable tumors. This scenario is very different from human
disease, particularly for solid tumors where the cells are nondividing. In murine models,

the animals harbor numerous viruses that may elicit an immune response. Therefore,

the immune responses in animal systems may not be to a specific tumor antigen and may
not result in protective immunity. Currently, there are no in vivo systems in which

significant regression of preexisting tumor has been observed in response to

immunotherapeutic treatment. Dr. Parkman said that he supports the animal model data

because it demonstrates that the introduction of a histocompatibility antigen appears to

invoke an immunologic response against nontransfected tumor.

Dr. Miller asked if the DNA used for the liposome preparation will be exposed to

ethidium bromide. Dr. Nabel responded that ethidium bromide will not be used for the

preparation and quantitation of DNA because of safety concerns. A column method of

separation will be used and plasmid DNA quantitation will be compared to E. coli DNA.
Dr. Miller asked about the upper limit of bacterial DNA that will be allowed in the

preparation. Dr. Nabel said that he is currently discussing the acceptable limits of

bacterial DNA with the FDA.

Dr. Mclvor asked if the DNA will be stably integrated into the cells or will the

expression be transient. What form is the DNA in? Dr. Nabel responded that the

animal experiments have been performed using nonlinearized DNA. In these

experiments, transient expression has been observed. It is preferable to use uncut

plasmid DNA for transfection because long term over-expression will be avoided. Dr.

Mclvor asked if the plasmid DNA will be analyzed for evidence of supercoiling. Dr.

Nabel answered that aliquots from all DNA preparations will be analyzed on ethidium

bromide agarose gels and probed with E. coli DNA in order to quantitate the amount of

open circular versus supercoiled DNA. DNA analyses have demonstrated that there is
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less than 5% open circular DNA in these preparations. Dr. B. Murray suggested that the

investigators should include language in the protocol that states that the DNA will not be
stably integrated into the cells. Dr. Nabel agreed to include this statement in addition to

expanded information on the vector preparation.

Subcommittee Motion

Dr. Epstein moved to approve the protocol contingent on the following stipulations: (1)

the informed consent document will be changed regarding inclusion/exclusion criteria;

(2) the biopsy section of the informed consent document will be expanded; and (3)

vector sequence will be reviewed to ensure that the issues raised by Dr. Miller have been

satisfactorily addressed. The motion was seconded by Dr. Erickson. Dr. Mclvor

requested that a fourth stipulation should be added to the motion regarding the inclusion

of a detailed description of the integration status of the injected DNA. Specifically, will

the injected DNA be integrated into the chromosomes of the tumor cells or will it be

maintained extra-chromosomally? Dr. Nabel stated that this issue will be expanded in

the protocol.

Dr. Zallen asked if the investigators will be required to assay the gonadal tissues for

possible integration into the germ line. Dr. Epstein stated that PCR would be possible

on tissues obtained from post-menopausal females but not available from orchiectomized

patients. Dr. Leventhal stated that a request for gonadal autopsy should be included in

the informed consent document. Dr. Nabel agreed to include a request for autopsy in

the informed consent document.

Dr. Leventhal described the minimum number of biopsies that would be required to

evaluate DNA integration. One biopsy will be required prior to each DNA/liposome
injection. Additional biopsies at the site of the tumor would be required on days 14 and

28 following injection. If the tumor is growing rapidly on day 14, the patient will not

receive additional injections. If the tumor has regressed, another injection will be

administered.

Dr. Leventhal requested that a statement be included in the informed consent document

which explains that the patients will receive a human antigen to which they may become
sensitized. If sensitization to this antigen occurs, the ability of the patient to receive

blood transfusions may be affected.

Dr. B. Murray noted that part of the gene sequence codes for a portion of the T antigen.

If this antigen expressed in full, could cell transformation occur? If another vector exists

that does not code for the T antigen, why are the investigators not proposing to use this

vector? Dr. Miller responded that the improved vector was not proposed because

experiments have not been performed to demonstrate its efficacy. Dr. Nabel explained
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that transformation assays will be performed with the original vector. Dr. Walters asked

if the assays to determine efficacy of the new vector will be completed prior to the

February 1992 RAC meeting? Dr. Nabel said that these experiment will probably be

completed prior to the next RAC meeting.

Dr. Wivel restated the stipulations for approval of Dr. Nabel's protocol: (1) changes to

the consent form regarding inclusion/exclusion criteria, (2) expansion of the clinical

protocol regarding biopsy schedules, (3) review of the vector structure to the satisfaction

of the reviewers, and (4) submission of data regarding the integration status into the

tumor. The motion passed by a vote of 13 in favor, 0 opposed, and no abstentions.

PROPOSED AMENDMENT TO APPENDIX D OF THE NIH GUIDELINES
REGARDING HUMAN GENE TRANSFER PROTOCOL ENTITLED
RETROVIRAL-MEDIATED GENE TRANSFER OF BONE MARROW CELLS
DURING AUTOLOGOUS BONE MARROW TRANSPLANTATION FOR ACUTE
LEUKEMIA/Dr. Cometta:

Review-Dr. Gellert

Dr. Walters called on Dr. Gellert to present his primary review of the protocol submitted

by Dr. Kenneth Cometta of Indiana University, Indianapolis, Indiana. Dr. Gellert stated

that this protocol is a resubmission of a protocol that was reviewed and deferred at the

November 30, 1990, HGTS meeting. This deferral was based on the need for additional

preclinical data. The objective of the revised protocol is to determine if relapse in

leukemia patients results from the tumor burden that remains in the patient or from
tumor cells that are reinfused at the time of bone marrow transplant. During the

original review of this protocol, the HGTS expressed concern that Dr. Cometta could

not mark cells efficiently enough to allow detection. At that time, transduction efficiency

data had been obtained from only one patient, indicating that marking occurred at a 1%
frequency. The investigators have currently submitted marking data on 5 patients. Data
derived from 2 of these 5 patients demonstrate a transduction frequency between 4 and

5%. Data are not available from the remaining 3 patients because of technical

difficulties resulting from the inability of cells to grow in methylcellulose. Dr. Gellert

explained that the HGTS had deferred approval of this protocol until quantitative

transduction efficiency data were obtained in 6 patients; Dr. Cometta has provided

quantitative data on only 2 patients. Therefore, there is not any overwhelming

confidence that the experiment will actually work.

Dr. Gellert described new animal data in which mice were transplanted with 106 LNL6
marked lymphoma cells; integration occurred in approximately 3,000 sites. A restriction

digest resulted in a total DNA smear. Conversely, when these transduced cells were

reisolated from these animals, only a few clones grew. There is a selection for growth in
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approximately 1,000 of the integration sites, indicating that the chances of detecting

relapsed cells in transplanted marrow would be greatly reduced. He asked Dr. Cometta
to address the probability of detecting relapse.

Dr. Gellert asked how a transduced leukemic cell can be distinguished from a transduced

normal cell. What is the probability that stem cells would be marked that are capable of

producing long-lived progeny, confounding the results observed from leukemia cell

marking?

Dr. Gellert was also concerned about the financial responsibility of patients participating

in this protocol. The investigators have not adequately addressed the HGTS's concerns

regarding this section of the informed consent document. In addition, the language used

in the document is too technical for patients to understand; and in general, the document
is not clearly written.

Review-Dr. Erickson

Dr. Erickson stated that he had several concerns regarding the protocol. Data have been

supplied from only 2 cell lines; therefore, the transduction efficiency data necessary to

defend this protocol are still inadequate at this time. In addition, freezing experiments

have been performed using tissue culture cells, not primary cells. Data indicate a

significant reduction in transduction efficiency using cryopreserved cells. He noted

concerns similar to Dr. Gellert's regarding the informed consent document.

Review-Dr. Zallen

Dr. Zallen noted that if the proposed protocol is successful, it will allow investigators to

design improved methods of bone marrow purging. However, the investigators do not

propose to use purging procedures as a part of this protocol. If purging procedures are

beneficial to these patients, why is purging not being performed? She asked Dr.

Cornetta to respond to this portion of the experimental design.

Dr. Zallen added that the patient population eligible for treatment is appropriate. The
investigators have not clarified the compensation clause in the informed consent

document regarding research related injuries. Patients will be required to pay all

research-related injury costs. This payment is an unacceptable provision. Patients are

also responsible for covering the costs associated with the bone marrow transplantation.

This procedure may put them at risk of losing their health insurance coverage because

they are participating in an experimental protocol. The question of payment and

insurance coverage needs to be addressed at the outset of the informed consent process.

Other Comments
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Dr. Leventhal commented on the issue of insurance coverage for the bone marrow
transplant procedure. The standard practice in the U.S. is that if insurance companies

do not cover bone marrow transplants, patients do not receive them unless funds are

raised by alternative methods. The majority of insurance companies currently cover the

cost of bone marrow transplantations for acute myelogenous leukemia (AML). Ms.

Meyers said she was concerned that insurance companies may disqualify payment

because this protocol is experimental and not a standard therapeutic procedure. Dr.

Leventhal stated that the insertion of a marker gene should not justify refusal of payment

of transplants by insurance companies. The only additional payment required by the

patient should be the cost associated with the gene marking procedure. Ms. Meyers

asked what the difference in payment procedure is between Dr. Cometta's protocol and

the previously approved protocol submitted by Dr. Brenner? Dr. Leventhal explained

that there were no cost concerns with Dr. Brenner's protocol because the patients are

being treated at St. Jude Children's Hospital in Tennessee. Because St. Jude raises the

funds to cover the cost of transplant by telethons and donations, insurance coverage is

not required. Dr. Parkman said that insurance companies routinely cover the cost of

bone marrow transplants; however, the costs associated with research-related procedures

are generally covered by the institution. Ms. Meyers noted that Indiana University is not

going to cover any additional research related costs.

Mr. Capron noted that the investigators have clearly explained that patients may receive

therapeutic treatment without participating in the gene marking protocol. However,

there is concern regarding payment for research related injury. The patient cost section

states, "Unfortunately, some insurance companies may refuse payment for all medical

costs incurred while a patient is involved with a research study." The patient needs some
quantitation of what the extra costs will be and how to distinguish between the costs

associated with gene transfer and costs relating to unforeseen medical illnesses resulting

from other aspects of the experimental procedure. Patients may be also required to

cover additional unspecified costs. It is unclear whether these are costs associated with

complications or for additional materials. These cost issues should be separated in the

informed consent document.

Dr. Leventhal stated that the investigators must decide if there will be additional

procedures that are not considered as part of the routine physical care. This issue is

separate from injury costs. If additional procedures will be required, how will the costs

associated with these procedures be covered? If patients are required to pay for both

the costs associated with additional procedures and research-related injury, the patients

should be informed that the risk of injury is very low. Mr. Capron asked if the language

regarding patient cost is required by Indiana University's IRB. Dr. Cometta answered

that it is required language.

Ms. Meyers stated that the researchers should not expect health insurance providers to
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pay research-related costs. Researchers and their institutions should be obligated to

cover these experimental costs through alternative funding mechanisms. Dr. Parkman
added that the majority of institutions do not agree to cover research-related injuries as

part of their official policy. Mr. Capron agreed that the majority of institutions include

an open-ended statement in the informed consent document that the issue will be

discussed or that cost will only be covered if the injury is a result of neglect.

Dr. Walters reminded the HGTS to consider the larger context of the protocol. The
subcommittee has reviewed similar protocols, and the same standard of review should

apply to this protocol as to previously reviewed protocols.

Ms. Meyers asked about the differences, other than the patient population, between this

protocol submitted by Dr. Cometta and Dr. Brenner's protocol. Dr. Mclvor explained

that Dr. Cometta's protocol involves AML and acute lymphocytic leukemia (ALL) in

adult patients with varying stages of disease. Dr. Brenner proposes studies only in

children with AML who are in remission. Dr. Mclvor questioned if the interpretation of

Dr. Cometta's protocol would be complicated by these variables.

Presentation--Dr. Cometta

Dr. Cometta said that this protocol is a collaboration between investigators at Indiana

University, GTI, and the Molecular Hematology Branch of the National Heart, Lung,

and Blood Institute of NIH. He presented an overview of the bone marrow
transplantation protocol. Bone marrow will be harvested from leukemia patients,

cryopreserved, and stored for reinfusion following high dose chemotherapy. Controversy

exists regarding the contribution of transplanted marrow to disease relapse. Sixty-five

percent of all second or later remission patients will relapse with their leukemias. This

protocol is designed to determine if relapse occurs as a result of remaining leukemia

cells not purged by the chemotherapy regimen, or from the transfer of malignant cells in

the transplanted marrow. Relapse may also result from a combination of both of these

factors. Determining the source of relapse will be a key to success of bone marrow
transplantation for the treatment of leukemia.

Dr. Cometta addressed the issue of tumor burden in these patients. All eligible patients

will be in remission. Following their first relapse, patients will be treated with two

courses of intensive chemotherapy that will result in a four log decrease in cell number
(approximately 10

6
cells). Even in those rare cases where a patient's tumor burden can

be reduced to 100 total tumor cells, the patient will still relapse with his/her disease.

Statistical analyses indicate that if tumor cells remaining in the transplanted marrow are

the source of relapse, there is a greater than 95% chance of detecting leukemia cells in a

total of 10 patients.
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Dr. Cometta described the gene transfer portion of the protocol. Following bone

marrow harvest, the majority of the patient's marrow will remain untreated. The first 3

patients will have 10% of their marrow cells transduced with LNL6. The remaining

patients will have 30% of their marrow transduced. There are no in vivo animal data

indicating that these gene marking procedures will adversely affect the patient's ability to

reconstitute. Bone marrow cells will be cryopreserved for 2 weeks to determine the

efficiency of transduction and to perform safety testing. Finally, the marked cells will be

transplanted into the patients.

Dr. Cometta addressed the patient eligibility requirements. Patients will be in complete

remission at the time of bone marrow harvest and will not have received cytotoxic drug

therapy for a minimum of one month. Patients will exhibit no evidence of leukemia as

verified by cytogenetic analysis. There is a minimum requirement of 2 x 108 nucleated

cells/kilogram. This requirement is twice the number of cells normally required for

bone marrow transplantation. Acquiring large numbers of cells will provide a backup

supply for reinfusion in the event that there are safety concerns about the treated

marrow or if the patient decides later not to participate in the gene marking.

Regarding the differences between this protocol and Dr. Brenner's protocol, Dr.

Cometta explained that ALL and AML adult patients are eligible for this protocol. Dr.

Brenner's study involves only children with AML. The adult population proposed in this

protocol has a much lower likelihood of survival. Since these patients are in second or

later remission, they have a much higher proportion of leukemia cells than those eligible

for Dr. Brenner's protocol. There is an option to treat a few patients who have

refractory leukemia or are in early remission. However, these patients must have had

marrow cells cryopreserved at the time they were in complete remission.

Dr. Cometta explained that eligible patients must be between 18 and 65 years of age and

must be able to provide informed consent. These patients must have a good
performance status and have no detectable infection at the time of transplant. Also,

patients must be human immunodeficiency vims (HIV) negative and have received a

pretransplant, multi-organ assessment to ensure that they have adequate organ function

to withstand the chemotherapy regimen.

At the time of relapse, patients will be evaluated by PCR for the presence of the neoR

marker gene. Dr. Cometta explained that leukemic blasts have been detectable by PCR
analysis and that the sensitivity of this assay has been documented. Leukemic blast

colonies have been grown in methylcellulose, and PCR demonstrates the presence of the

marker gene in these colonies. NIH 3T3 amplification assays have been performed, and

no replication-competent retrovirus has been detected.

Dr. Cornetta addressed the issue of the effect of freezing on the transduction efficiency
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in bone marrow cells. He described experiments in which K562 cells were transduced

with the LNL6 retroviral vector for 2 hours. One-half of the transduced cells were

cryopreserved for 24 hours, and the remaining cells remained in culture. Data from

these experiments indicate a 25-50% reduction in the number of transduced cells when
cells were cryopreserved. When the transduction time was increased to 4 hours, the

number of viable transduced cells was reduced even further.

Dr. Cometta presented in vivo data in which the murine lymphoma cell line, EL4, was

transduced with LNL6 and injected into mice at the time of transplant. Animals were

sacrificed at various time points, and cell suspensions of their organs were obtained.

NeoR positive cells were detected in all of the various cell populations. EL4 cells

contain a variety of replication-competent retroviruses of murine origin and their in vivo

effect is unclear. Dr. Parkman asked how many EL4 cells were injected. Dr. Cometta
said that between 10

6 and 10
7 EL4 cells were injected. Dr. Parkman noted that 10

7 EL4
cells is enough to kill a mouse; therefore, this model does not imitate a patient with

minimal disease. Dr. Parkman said that the murine data would be more convincing if

smaller numbers of EL4 cells had been injected. Dr. Cometta said that they had

injected animals with 100 cells but that they did not develop tumor.

Dr. Cometta addressed the issue of cell transduction efficiency. A 6-7% transduction

efficiency has been observed with the LNL6 retroviral vector; this rate is consistent with

data obtained from other laboratories using this vector. The colonies grew from only 2

of 5 patients in methycellulose; 1 patient had ALL, and the other AML. He explained

the importance of the leukemic colony assay and described attempts to improve the

growth of cells, such as the addition of stem cell growth factor (SCGF), IL-4, and IL-6.

These data are preliminary, and no positive results have been obtained. He presented

data obtained from mixing experiments demonstrating that normal cells can be separated

from leukemic cells using a fluorescence activated cell sorting (FACS).

Dr. Cornetta described experiments demonstrating the absence of replication-competent

helper vims in the LNL6 vector preparations. He explained that the NIH 3T3
amplifications were performed on short-term cultures obtained from patient blast cell

preparations.

Dr. Cometta stated that bone marrow sampling will be performed only at the time of

transplant. PCR, Western blot analysis, and leukemic colony assays will be performed on

blood and bone marrow samples obtained from patients in order to monitor cell

transduction. Dr. Mclvor inquired if the methylcellulose colony assay distinguished

normal from leukemic cells. Dr. Cornetta responded that normal and leukemic colonies

could be distinguished morphologically. The leukemic colonies hemoglobinize, creating a

red appearance. Normal GM colonies are larger than the leukemic colonies. Dr.

Mclvor asked if the investigators will be using methylcellulose culture in the presence of
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G418 or PCR analysis to determine repopulation with neoR transduced leukemic cells.

Dr. Cornetta stated that both of these assays will be used. He explained that colonies

would be picked and assayed over time for the marker gene because it is unknown
whether the LNL6 vector will be expressed long term. Non-G418 selected colonies will

be assayed for the presence of the marker gene.

Dr. Leventhal was concerned that patients will be requested to have multiple bone

marrow collections because the investigators will not know when the patient has

relapsed. The protocol has to been designed to collect and examine bone marrow at

optimum time points. Dr. Cornetta responded that he will include a revised time

schedule for bone marrow collection if requested to do so by the RAC. Dr. B. Murray

asked if the time of relapse could be anticipated in most of the proposed patient

population. Dr. Cornetta said that the time of relapse could be estimated, and the

protocol will be revised to reflect bone marrow collection just prior to relapse.

Dr. Leventhal inquired how marked leukemic cells will be distinguished from marked
normal cells since the frequency of marking will be approximately equal in both

populations of cells. Dr. Cornetta explained that it is critical to grow cells in

methylcellulose culture in order to distinguish between normal and leukemic cells. PCR
will be performed on the GM colonies to determine transduction efficiency. The GM
colonies will then be sorted by FACS into normal and blast populations.

Dr. Parkman asked if there is an exclusion criterion for the degree of transduction that

will be required in the bone marrow prior to transplantation. Dr. Cornetta responded

that there is no exclusion criterion. Dr. Parkman was concerned that if the number of

transduced cells was too low, the likelihood of obtaining an informative outcome would

decrease. Dr. Cornetta agreed that a minimum level of bone marrow cell marking would

be an acceptable criterion to include in the protocol.

Dr. Cornetta introduced his co-investigator, Dr. Tricot, to respond to questions regarding

the transplantation process. Dr. Leventhal asked about the one-year relapse incidence in

ALL and AML patients who have received autologous bone marrow transplantation and

who are in second remission. Dr. Tricot answered that the relapse rate is approximately

50% in AML patients; no ALL patients have received autologous transplants. Dr.

Leventhal asked if 50% of the patients who have received transplants relapsed or if 50%
of the patients who lived to a year did not relapse. Dr. Tricot stated that 50% referred

to the number of patients who survived one year with no relapse. Dr. Leventhal said

that the investigators need to know how many patients will be available for this study

since a proportion of these transplant patients invariably die from sepsis or graft-versus-

host (GVH) disease. Dr. Tricot stated that the majority of autologous transplant patients

fail exclusively due to relapse, and that other complications are rare. Therefore,

approximately 5 patients out of a starting population of 10 patients would be eligible for
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this study due to disease relapse.

Dr. Leventhal asked if the investigators will purge any of the patient's bone marrow for

this protocol? Dr. Tricot replied that none of the bone marrow will be purged because

purging increases the duration of aplasia by 15-30 days, and there is no convincing

evidence that purging is superior to not purging the marrow. Dr. Leventhal asked if the

conditioning regimen will be the same for all of the patients. Dr. Tricot replied that the

same conditioning regimen will be employed for all AML and ALL patients.

Dr. Gellert said that even when patients are in remission, there are large numbers of

surviving leukemic cells. He inquired if an attempt should be made to decrease the

number of surviving leukemic cells by purging. Dr. Cometta responded that the

leukemic cells that are present do not necessarily contribute to relapse. Dr. Miller said

that the protocol is specifically designed so that if relapse is shown to occur from cells in

the marrow, then an attempt will be made to purge these cells from the marrow.

Therefore, an attempt should be made to purge the marrow initially.

Dr. Leventhal expressed concern that normal marrow cells will be transduced. Although

the experimental design will provide information regarding the origin of relapse, no

useful information will be obtained about improving the quality of purging. If the

investigator demonstrates that relapse arises from the transplanted marrow cells, the next

logical question is what will be the efficacy of purging.

Dr. Mclvor stated that it is unclear how the investigators will determine if the leukemic

cells that occur at relapse contain the marker gene and if the tumor cells can be

distinguished from normal cells. Dr. Cometta explained that both bone marrow and

peripheral blood samples will be obtained from the patient. Their cells will be isolated

and grown in methycellulose culture, with and without G418. The morphology of the

resulting colonies will be examined. PCR analysis will be performed on both G418-

selected and nonselected colonies. In addition, these cells will be sorted by FACS.

Dr. Leventhal noted that the protocol requires that the 2 x 10
6
cells for PCR analysis, 1 x

10
7
cells for Western blot analysis, and 2 x 10

6
cells for methylcellulose culture and that

these cells will be obtained from 5 milliliters of bone marrow. It is often difficult to

acquire this number of cells from normal individuals. Dr. Leventhal suggested revising

the protocol to require enough bone marrow to obtain sufficient cell numbers.

Dr. Erickson had three concerns: (1) Is the frequency of transduction high enough to

make this an evaluable study? (2) Can leukemic cells be separated from normal bone

marrow cells, and can the contribution of marked cells to relapse be determined? and

(3) Should a patient have to pay for a procedure that is not going to offer any

therapeutic benefit? He said that he was satisfied with Dr. Cometta's response to the
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first two concerns, and the third concern is probably not within the purview of the

HGTS. Dr. Walters stated that the subcommittee could offer suggestions to the IRB;

however, the actual decisions regarding the informed consent document are made by the

institution.

Dr. Parkman asked Dr. Cometta to describe the differences between his protocol and

the protocol submitted by Dr. Brenner of St. Jude Children's Hospital, Memphis,

Tennessee. Dr. Cometta explained that both protocols are designed to answer the same

question regarding the contribution of transplanted marrow to patient relapse. However,

each of these protocols addresses a different patient population. Dr. Cometta explained

that his protocol is designed to study adult leukemia; Dr. Brenner will be studying

childhood leukemia. In addition, Dr. Cornetta said that he is studying patients in second

or later remission as opposed to first remission patients.

Dr. Mclvor stated that there are three components to consider regarding the contribution

of marked cells to patient relapse: (1) the transduction frequency, (2) the number of

cells transduced in the marrow, and (3) the proportion of cells contributing to relapse.

In the murine EL4 tumor model, not all of the tumor cells contribute to relapse. There

should be more clonality of tumor cells in humans than in the murine model. He asked

if the investigators were aware of any data regarding the clonality of these cells. Dr.

Cometta presented data demonstrating that the leukemic cells were not clonal. With

regard to the issue of marking frequency, Dr. Cometta stated that transduction frequency

of the leukemic cells cannot be determined at the time of harvest because they cannot

be separated from the normal marrow cells. The only data that will be available at the

time of harvest will be the transduction frequency of normal cells; a correlation will have

to be drawn for leukemic cells.

Dr. Cometta stated that the frequency of transduction of marrow cells is approximately

1%. If 30% of the marrow is transduced, than the frequency of marking is

approximately 0.3%. Dr. Cornetta stated that this number probably underestimates the

number of detectable cells. Dr. Epstein noted that this frequency is the anticipated

number of marked cells in the marrow, not the number of cells contributing to relapse.

Dr. Leventhal explained that if the frequency of transduction of marrow cells is 1% and

if approximately 100 cells contributed to relapse, the ability to detect a marked relapse

will be low. Dr. Cometta concurred with Dr. Leventhal's statement and added that there

may be no detectable marked cells in 1 out of 10 patients. Dr. Parkman stated that the

conclusions that could be drawn from negative patients are either: (1) that relapse

originates from an extremely small number of cells, or (2) that transplanted marrow cells

do not contribute to relapse. Unless a large number of patients are entered into the

protocol, the source of relapse may not be definitively answered. There are too many
variables in this protocol. Dr. Cornetta said that there is no evidence that marrow
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purging procedures have any positive outcome. He stated that he did not want to

include purging as another variable in this protocol; purging effects will be examined

after results of this study have been acquired.

Dr. Parkman stated that Dr. Cometta's protocol is designed to answer some of the same
scientific questions as Dr. Brenner's protocol; however, there are several differences,

including the different patient population. Therefore, Dr. Parkman encouraged the

HGTS to consider this protocol in addition to Dr. Brenner's since both studies would

yield valuable information regarding leukemic relapse. Dr. Leventhal agreed with Dr.

Parkman because this protocol poses no additional research-related risk to the patient.

Dr. Leventhal noted that because the efficiency of marking is extremely low in terms of

detection, this type of marking would not be a good technique for evaluating the

effectiveness of purging.

Dr. Miller was concerned that patients will be required to pay for medical costs incurred

as a result of untoward research-related injury. Dr. R. Murray added that the RAC had

discussed this issue previously. In previously approved protocols, the researchers have

always changed the compensation clause to state that complications arising from the

research would be covered by the institution. Dr. Cometta noted that Dr. Lotze from

the University of Pittsburgh received approval from the HGTS and the RAC with similar

language. Mr. Capron stated that the entire biomedical research system has never

required institutions to compensate patients for untoward injuries resulting from

research, excluding negligence. Dr. Miller added that the difference between traditional

research protocols and gene transfer protocols is that the transfer protocols offer no

therapeutic benefit to the patient. Dr. Walters suggested that the HGTS refer this issue

to Dr. Healy, the Director of NIH, since this issue is unresolved.

Dr. Mclvor said that since there is the possibility that the marker gene will not be

detected in the patient, a sentence or clause should be included in the informed consent

document that informs the patient that it is possible than no new information will be

obtained at all. This clause should be added: "Although there is no guarantee that the

research will produce useful information...."

Subcommittee Motion

A motion was made by Dr. Parkman and seconded by Dr. Gellert to approve Dr.

Cometta's protocol with the following stipulations: (1) include the following sentence in

the informed consent document: "It is possible that the study may lead to improved

bone marrow transplantation therapy for others in the future, although it is also possible

that no new information will be gained at all," and (2) submit in vitro data demonstrating

that transduced leukemia cells survive the freezing process.
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Ms. Meyers asked if the stipulation could be added that a sentence be inserted in the

informed consent document that states that there will be no cost to the patient resulting

from complications of the study. Dr. Parkman said that the HGTS had no authority to

make this request of Dr. Cometta. Ms. Areen reminded the HGTS members that this

issue should be forwarded to Dr. Healy for consideration. Dr. Leventhal suggested that

Dr. Cometta should consult with the Indiana University IRB and revise the wording in

the informed consent document to be as generous to the patient as possible in terms of

the risks of the gene therapy portion of the protocol.

Dr. B. Murray inquired if the compensation problem arises from the hospital and not

from Dr. Cometta's physician fees. Dr. Leventhal replied that physician fees are not the

problem; the hospital does not want to provide compensation for any research-related

injuries. Dr. Cometta stated that Indiana University has never compensated for

research-related injuries and that providing compensation for injuries resulting from this

gene therapy protocol would set a precedent for the institution as it would for most other

institutions in the U.S. Dr. Cometta added that to withhold approval because of this

issue would be unfair and inconsistent with previous decisions made by the HGTS.

Dr. Epstein explained that if marked cells are detected in all 10 patients, then the

marrow is clearly contributing to relapse. Conversely, if no marked cells are detected,

then the marrow is not suspect. He inquired as to how the data would be interpreted if

the number of patients with marked cells falls between these extremes. Dr. Cornetta

said that if marked cells are detected in even a few patients, marrow cells are still

indicated as contributing to relapse. Dr. Cometta added that valuable information will

be obtained regarding the benefit of purging.

Dr. Epstein inquired as to the number of positive patients that would be required before

purging techniques would be reconsidered. Dr. Cometta replied that 3 positive patients

out of 5 would be statistically significant enough that he would ask the IRB to reconsider

purging in these bone marrow transplant patients. Dr. Leventhal said that the protocol

should have included a statistical section that addresses the endpoint, e.g., the number of

labeled relapses that would be statistically significant. Dr. Leventhal said that she would

like to have this included as a stipulation for approval of Dr. Cornetta's protocol. She

added that a mathematical model should be included that addresses itself to the

question. If 5% of the cells are transduced in one patient, how many cells are

contributing to relapse? How will the statistics change if positive cells are observed in 5

patients, 7 patients, etc.? The transduction percentage on each patient, the number of

patients relapsing, and the time of detection will have to be taken into consideration.

This formula will be complicated. Dr. Epstein added that a stopping rule should be

included that, if marrow cell labeling is demonstrated in 3 patients, the study will be

terminated.
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Dr. Parkman accepted Dr. Leventhal's stipulation as a friendly amendment to his motion

for approval of the protocol. Dr. Wivel repeated the 3 stipulations for approval: (1)

include the following sentence in the informed consent document: "It is possible that the

study may lead to improved bone marrow transplantation therapy for others in the

future, although it is also possible that no new information will be gained at all;" (2)

submit in vitro data demonstrating that transduced leukemia cells survive the freezing

process; and (3) submit a statistical section that addresses the interpretation of

recurrence of labeled bone marrow cells and an early stopping rule if marked marrow
cells are demonstrated in the first 3 patients. The motion to approve the protocol with

the above stipulations passed by a vote of 11 in favor, 2 opposed, and no abstentions.

Dr. Epstein asked a procedural question regarding opposing votes. He noted that in

study sections when there are 2 negative votes on a proposal, a minority report is

required to be written regarding the reasons for voting against the protocol. He
proposed that the same procedures should apply to the HGTS. Since Dr. Zallen and

Ms. Meyers cast the dissenting votes, Dr. Walters asked them to explain the issues that

precipitated the negative votes. Dr. Zallen said that she was concerned about the

patient being held responsible for research related costs. If researchers do not have the

resources to cover these costs, than the patient should not be held responsible. Ms.

Meyers was in agreement with Dr. Zallen. Dr. Walters asked Dr. Zallen and Ms.

Meyers to draft a paragraph regarding their concerns about compensation for gene

therapy related injury.

V. REPORT FROM THE WORKING GROUP ON THE FUTURE ROLE OF THE
RECOMBINANT DNA ADVISORY COMMITTEE/Drs. R Murray, Childress, and

B. Murray

Dr. B. Murray presented background information regarding the establishment of the

Working Group on the Future Role of the RAC. The charge of the working group was

to propose a recommendation for the RAC regarding the future of the HGTS. The
recommendation is that the HGTS be merged with the parent committee, the RAC.
The working group proposed three ways in which this transition could be accomplished:

(1) HGTS members would be brought onto the RAC as full voting members; this action

would require changing the RAC charter to increase the committee membership. (2)

HGTS members would be brought onto the RAC as non-voting members; this would

allow them to participate in protocol review, but they would not be allowed to vote. (3)

The HGTS and RAC would have combined meetings in which the subcommittee would

vote first followed by the RAC. It is proposed that if the HGTS and the RAC merge,

the number of meetings be increased from 3 to 4 per year.

Mr. Capron proposed a fourth option, namely, that the HGTS would review protocols; if

protocols are approved unconditionally, a recommendation would go the chair of the

[
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RAC. In this way, approval by the RAC would be dealt with in the same manner as

minor modifications. The RAC members would be informed of the chair's decision. If

any RAC members desired discussion of a particular protocol by the entire RAC, then

the protocol would be included as an agenda item. He recommended that the HGTS
consider this proposal because the other options provided by the working group may
actually slow down the approval process.

Dr. Epstein proposed that there should be only one committee, the RAC; but it would

be divided into two subcommittees which would meet independently on the first day of

the RAC meeting. One subcommittee would review the scientific merits of the protocol

while the other subcommittee would review the ethical and legal aspects of the protocol.

The subcommittee meetings would be followed the next day by a full RAC meeting.

This process would eliminate the distinction between the HGTS and the RAC. If there

is crossover between the two subcommittees, the issues could be resolved at the full

RAC meeting.

Dr. Leventhal disagreed with Dr. Epstein's proposal arguing that significant knowledge is

gained from the discussions between experts at these meetings. Scientists would be

deprived of important information and ideas presented by the legal and ethical experts

and vice versa. RAC meetings provide an educational process for all participants. Dr.

Leventhal stated that the major problem with the current review system is that the RAC
is not apprised of HGTS discussions.

Dr. Miller said that he was originally opposed to dissolving the HGTS but now is in

favor of it. He agreed that protocol review would be more efficient and quicker when
dealt with by one committee as opposed to two. Dr. Mclvor agreed that the review

process should be handled by a single committee.

Dr. McGarrity stated that, with regard to Dr. Epstein's proposal, it would be a mistake

to fragment the review of any proposal. Problems would be handled more efficiently by

the large group. He added that if the vector experts, the ethicists, and the clinicians gave

independent reviews of protocols, the basic intrinsic value of the review process would be

destroyed. He cautioned the subcommittee to keep in mind that the number of

protocols being submitted in the future could double or triple, and added that the RAC
should consider this anticipated increase when establishing the number of meetings per

year.

Dr. Parkman suggested that a three-day meeting would resolve any problems arising

from an increase in the number of protocol submissions. The first two days would

function in the subcommittee manner as proposed by Dr. Epstein; these two days would

be followed by a third day of full RAC review of issues not resolved at the subcommittee

level. Dr. Parkman added that four meetings per year would be preferable to three.
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The negative aspect of increasing the number of meetings per year is that the

investigators would have less time to submit additional requested data prior to the next

meeting. Dr. Parkman said that there is no need to increase the number of RAC
members.

Regarding Dr. Parkman's proposal, Dr. B. Murray inquired if the RAC would vote on
the HGTS's recommendations. Dr. Parkman said that the RAC would vote on the

recommendations of the subcommittee. Dr. B. Murray said that this procedure would

not be acceptable because some RAC members would be voting on protocols that they

had never reviewed. RAC members could not vote in good conscience under these

circumstances.

Dr. Erickson stated that the RAC protocol review should be accomplished by a single

committee; however, he suggested that the Office of Recombinant DNA Activities

(ORDA) increase its staff size in order to provide a pre-review of protocols before they

were reviewed by the RAC. Dr. Miller agreed with Dr. Erickson's view that protocol

review by a single committee would be more efficient. It is time for the RAC to realize

that the HGTS has assisted them through a learning period. However, the time has come
for the RAC to recognize that, for the present, its major review responsibility is going to

be human gene transfer/therapy protocols. Inevitably, the RAC will not have to review

all types of gene transfer protocols in the future. Once the safety of this procedure has

been established, the responsibility for review of certain categories of experiments may
be transferred to the local IRBs and Institutional Biosafety Committees (IBCs).

Dr. Miller asked Dr. Wivel about the turnover rate of RAC members, their overlap with

the HGTS members, and the logistics of merging the HGTS with the RAC. Dr. Wivel

stated that the RAC has a turnover rate of approximately 25% every year. In addition,

the RAC charter allows for ad hoc consultants for the review of areas where additional

expertise is required. The HGTS members could be brought on as ad hoc consultants to

the RAC until such time that they could become members. Dr. Walters added that if a

consolidation of the HGTS and the RAC occurs, the transfer of HGTS members to the

RAC should occur because the subcommittee members have made a commitment to the

HGTS. Dr. Walters encouraged ORDA to include the HGTS members, so that their

expertise and points of view could be incorporated during the transition phase.

Dr. R. Murray noted that a problem with bringing the HGTS members on to the RAC
as ad hoc consultants is that they would not be allowed to vote. However, their input

would certainly be taken into account.

Dr. Walters said that there would not be the same level of NIH control over RAC
membership as there is with the HGTS. NIH appoints the HGTS members, whereas

NIH proposes appointments to the RAC, but the final decisions are made at the level of
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the Department of Health and Human Services.

Dr. Epstein was concerned about the review process of protocols in the event that the

number of protocol submissions increases substantially. In study sections, proposals are

reviewed, a definitive decision is made, and a priority score assigned, within thirty

minutes. Currently, the RAC may spend as much as 2Vi hours reviewing a single

protocol. The burden of review should be placed on the investigator to submit a

protocol that can be reviewed expeditiously.

Dr. Zallen stated that the public's interest should be considered in this decision. With

the current system of review, the general public is assured that its interests are being

represented in the process. It is too soon in the process of gene transfer/therapy

approval to change the ground rules. As the process is now, the public has the

opportunity for input at various stages of the process, which they might not have with a

single review committee.

Dr. Neiman said that the best way to resolve the issue of reviewing increasing numbers

of protocols in the future is to categorize types of proposals, e.g., standard vectors,

standard questions, and standard issues that can be reviewed by other mechanisms. He
added that he supports the proposal for establishing a single review body. Mr. Capron
agreed that the groundwork should be laid now for developing those categories that do

not require full review because they are repetitious of design that is comfortable to the

committee.

Mr. Capron cautioned that the issues of germ line gene therapy and enhancement may
be forthcoming and inquired as to whether the RAC was prepared to spend entire days

contemplating these fundamental issues. Dr. Miller stated that RAC members would be

equally well prepared to discuss these issues as would the HGTS members. It would be

easier for the RAC to establish a subcommittee to deliberate the issue of germ line gene

therapy than it would be for the HGTS to form a subcommittee.

Subcommittee Motion

Dr. Erickson made a motion that the HGTS be merged into the RAC, that the number
of meetings be increased from 3 to 4 per year, and that there will be a transition period

of 1 year in which the HGTS will meet solely to develop strategies for simplifying the

protocol review process. The motion was seconded by Dr. Epstein. Mr. Capron moved
to table the motion until later in the meeting when the HGTS had an opportunity to

discuss the report from the Working Group on New Approaches to Gene Therapy. Dr.

Zallen seconded the motion. The motion to table Dr. Erickson's motion was approved

by a vote of 8 in favor, 4 opposed, and 2 abstentions.
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VI. PROPOSED AMENDMENT TO APPENDIX D OF THE NIH GUIDELINES
REGARDING A HUMAN GENE THERAPY PROTOCOL ENTITLED A
PHASE //// STUDY OF CELLULAR ADOPTIVE IMMUNOTHERAPY
USING GENETICALLYMODIFIED CD8(+) HIV-SPECIFIC T CELLS
FOR HIV-SEROPOSITIVE PATIENTS UNDERGOING ALLOGENEIC BONE
MARROW TRANSPLANT/Dr. Greenberg:

Review-Dr. Mclvor

Dr. Walters called on Dr. Mclvor to present his review of the protocol submitted by Dr.

Philip Greenberg of the University of Washington, Seattle, Washington. Dr. Mclvor

explained that the protocol involves the molecular tagging of lymphocytes that will be

administered as adoptive immunotherapy following bone marrow transplantation. The
gene that will be introduced into the lymphocytes has the unique characteristic that it

allows for the negative selection of these lymphocytes in the event that they cause

untoward effects in the patient. The eligible patient population will be non-Hodgkin's

lymphoma patients who are HIV positive.

PBL will be obtained from patients 12 weeks prior to bone marrow transplantation. T
cell clones will be established in vitro that are specific for the HIV gag protein, which will

inhibit protein synthesis. These T cell clones will then be transduced with the HyTK
retrovirus. The patient will receive an allogeneic bone marrow transplant. Following

engraftment, the transduced T cell clones will be administered to the patient at

increasing doses. The hypothesis is that the T cell clones will provide specific immunity

against HIV and alleviate residual HIV infection in these patients.

The persistence of the marked T cell clones will be monitored by PCR analysis. Patients

will be monitored for HIV infection, relapse of the non-Hodgkin's lymphoma, and any

toxic effects resulting from the infused T cell clones. If the infused transduced cells are

creating toxic side effects (e.g., acute neurologic, pulmonary, hematopoietic, or organ

toxicity), they can be eliminated by the administration of ganciclovir. Therefore, the

introduction of the thymidine kinase (TK) gene will be an ablatable function that will

add an element of safety over previous gene marking protocols. Dr. Mclvor said that

this protocol is well designed and that Dr. Greenberg has extensive experience with the

development of T cells.

Dr. Mclvor stated that the HyTK gene is a bifunctional fusion protein between a

bacterial hygromycin phosphotransferase (Hy) gene and the herpesvirus TK gene. The
Hy portion of the gene is similar in function to the neoR gene in that it confers resistance

to the antibiotic hygromycin B allowing for the positive selection of the inserted gene.

The TK portion of the gene confers the ability to phosphorylate various drugs which are

then able to kill the cell, e.g., ganciclovir. Therefore, any cell which contains the HyTK
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gene can be positively selected by hygromycin B or negatively selected by a drug such as

ganciclovir.

Dr. Mclvor stated that there are significant in vitro data to support the thesis that the

herpesvirus TK gene is an ablatable function. However, he inquired as to the

comparative effectiveness of the fusion protein as compared with the natural TK gene.

What biochemical studies have been performed to study the function of the fusion

protein? Does expression of the HyTK fusion protein confer ganciclovir sensitivity to the

same extent as the natural TK gene? Has HyTK been tested in vivo? The natural

mutation frequency with which these cells will lose TK function could be greater than 1

in 10
6

cells. The assay methods proposed by the investigators are not sensitive enough to

quantitate mutations at this level. He suggested that a clonal system should be used to

determine the level of ganciclovir insensitivity in the HyTK transduced cell population.

Dr. Mclvor stated that the HyTK retrovirus was similar to the LNL6 retrovirus

previously approved by the HGTS and the RAC. Since several envelope sequences are

missing from the HyTK vector that are present in LNL6, it may be a safer vector.

However, since this retroviral construct is new, the investigator is obligated to provide

data demonstrating the absence of replication-competent virus as well as other infectious

agents.

Dr. Mclvor discussed the transduced cell population. Lymphocytes will be obtained from

the patient and cloned in vitro. The cloned lymphocytes will be subsequently transduced

with the HyTK vector and subcloned. He cautioned the subcommittee that this highly

selected population may behave differently from the parent lymphocyte population, and
that the subcommittee should consider whether any additional risk will be imposed on
the patient.

Dr. Mclvor inquired about the effect of azidothymidine (AZT) administration on
hematopoietic engraftment post-transplant. The investigators cited data demonstrating

that HIV-specific T cell clones were generated; however, other than one Southern blot,

there are no data to substantiate the preclinical results. Have these T cell clones been
transduced with the HyTK virus and expanded? What is the frequency of gene transfer

in these clones? He asked Dr. Greenberg to address transduction expression and

ganciclovir sensitivity in the T cell clone population. What is the effect of HyTK
transduction on the immunological function of the T cell clones? Dr. Mclvor asked Dr.

Greenberg to explain the choice of primers that they have chosen to use for PCR
amplification. Can assays be performed to distinguish among different T cell clones?

Regarding ganciclovir administration, Dr. Mclvor noted that ganciclovir may be given for

purposes other than T cell clone ablation, such as for cytomegalovirus infections or

prophylaxis. He asked the investigators to explain when ganciclovir would be
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administered or contraindicated in these patients.

Dr. Mclvor summarized by stating that the protocol was well designed, and that the

introduction of the ablatable function for the selective elimination of cells is an

innovative concept. There is the potential that the cellular therapy will be effective in

controlling HIV infection in patients undergoing bone marrow transplantation. He
suggested a few minor wording changes in the informed consent document and added
that his primary criticism of the protocol was that the preliminary data supporting the

feasibility and efficacy of the proposal were not included in the original protocol.

Review—Dr. Kelley

Dr. Kelley agreed with Dr. Mclvor that his major concern was the lack of in vivo data

demonstrating that these T cell clones expressing the HyTK gene are more sensitive to

ganciclovir than nonselected cells.

Review~Ms. Meyers

Ms. Meyers was concerned about the likelihood of success of the proposed study. What
are the results that have been obtained previously from HIV patients receiving bone
marrow transplants? Will the virus remaining outside of the bone marrow be affected?

How long will patient survival be increased as a result of the therapy? Have any animal

experiments been performed?

Ms. Meyers expressed concerns regarding the informed consent document. She

suggested that the clause, "Although we expect it to benefit your condition," should be

changed to read, "We hope this is going to benefit your condition." The document
describes the risk of death as very remote and added that this statement is not accurate

since risks associated with bone marrow transplant alone in these patients are high. Will

women be included in this study in addition to men?

Other Comments

Dr. Kelley stated that since the gene marking portion is a minor addition to an already

existing bone marrow transplantation protocol, perhaps the subcommittee should only

comment on the gene transfer aspects of the protocol. Mr. Capron asked the

investigators to discuss other review processes that the protocol has undergone. Ms.

Meyers added that if the risk of the bone marrow transplant is high, then results may
never be obtained from the gene marking portion of the experiment. Dr. Miller agreed

that the HGTS must consider the risk-benefit ratio to these patients and whether the

procedure is worth performing to justify the risk of the gene modification. If patients are

not likely to survive long enough to interpret the experiment, then that is an important
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aspect to consider.

Dr. Parkman provided information regarding the present status of bone marrow

transplantation for the treatment of patients infected with HIV. HIV positive patients

receiving short-term AZT exhibit no interference with hematopoietic engraftment

following bone marrow transplantation. Patients who receive long-term AZT
demonstrate granulocyte suppression; however, at the dose levels proposed in Dr.

Greenberg's protocol, there have been no negative effects on engraftment.

Regarding the efficacy of the proposed treatment, Dr. Parkman explained that non-

Hodgkin's lymphoma is universally fatal in patients who have acquired immunodeficiency

syndrome (AIDS). There is no effective therapy for the disease, and patients die very

rapidly. One of 6 patients receiving allogeneic bone marrow transplant from an identical

twin has exhibited increased survival out to 16 months. The remaining 5 patients died as

a result of recurrence of their lymphoma or because of opportunistic infections like

cytomegalovirus (CMV). Since the therapy of choice for CMV is ganciclovir, the

investigators should address how this impacts on clinical decision making. In the one

patient who died of recurrent lymphoma following bone marrow transplantation, there

was no detectable HIV. Therefore, the bone marrow transplant not only purges the

patient of neoplastic lymphoma cells but of HIV infected cells as well. It is relatively

easy to eliminate circulating cells that are infected with HIV; however, the slowly

dividing cells such as macrophages are a concern. How is HIV eliminated in non-

hematopoietically derived cells such as neurons? Since the investigators propose to

administer T cells that are specific for HIV, it may be possible to eliminate the

remaining HIV infected cells.

Dr. Parkman explained that HIV patients often develop resistance to AZT; the

investigators have avoided this complication by the addition of exclusion criteria that

patients will not have received AZT for greater than three months or that the virus still

demonstrates AZT sensitivity. The patients will receive chemotherapy or radiation to

kill the lymphoma cells in addition to the hematopoietically derived cells, followed by

allogeneic bone marrow transplantation from a histocompatible sibling and the use of

AZT. AZT is administered to prevent the infection of the transplanted cells with HIV.
The T cell clones that will be administered should recognize the HIV viral antigens and

kill the remaining infected cells.

Dr. Mclvor noted that 1 AIDS patient who received a bone marrow transplant and AZT
had no detectable levels of HIV out to 16 months. What levels of HIV were observed in

the 5 patients who died following this procedure? Dr. Parkman responded that 4 of the

patients had detectable levels of HIV, and 3 of the 4 had AZT-resistant HIV. Dr.

Epstein asked if the infusion of the cloned T cells is dependent on being able to mark
these cells with the HyTK gene.

Recombinant DNA Research, Volume 15 [267]



Human Gene Therapy Subcommittee - 11/21-22/91

Ms. Meyers noted that the informed consent document does not clearly state that the

patient will not be required to pay for complications arising from injury resulting from

the gene therapy. She added that she had drafted a statement with regard to this issue

with the assistance of Dr. Zallen and requested that the HGTS discuss the matter as a

future agenda item. Dr. Gellert asked the investigators if they had observed secondary

effects on neighboring cells following ablation with ganciclovir.

Presentation-Dr. Greenberg

In response to Dr. Mclvor's question regarding the ability to generate T cell clones

specific for HTV and to transduce them, Dr. Greenberg stated that the generation of

these clones is routine in his laboratory, and there is no reason to presume that the

clones cannot be generated and expanded. There is nothing unique about HIV proteins

as targets that distinguishes them from any other antiviral T cell clone. The gag protein

was chosen as the target antigen because HIV seropositive patients have easily

detectable gag-specific CTL clones. The gag protein generates the most dominant and

reproducible responses. In addition, gag is a relatively conserved protein as opposed to

the envelope which is under enormous selective pressure by a variety of host

mechanisms. Gag is more likely to be conserved than other proteins.

In response to Dr. Mclvor's question regarding the efficiency of transduction, Dr.

Greenberg stated that between 0.2 and 2% of the T cells are transduced and express the

HyTK gene. Dr. Greenberg added that he has been able to transduce T cells from

patients 100% of the time. Analogous data were presented in the murine system in

which T cell clones express the retrovirus consistently. Dr. Greenberg said that other

investigators have demonstrated the ability to introduce ecotropic, rather than

amphotropic, retroviruses into murine clones.

Dr. Greenberg presented data demonstrating that these T cell clones are human
leukocyte antigen (HLA)-restricted and that they retain their specificity following

transduction with the HyTK gene and selection in hygromycin. Following selection, the

clones recognize only the autologous target expressing the gag epitope of protein.

Regarding the levels of ganciclovir that are obtainable in vivo, he presented data

demonstrating that at 3 micrograms per kilogram 100% of the transduced clones are

killed; however, this concentration is relatively nontoxic to humans.

Dr. Greenberg showed in vivo and in vitro experiments demonstrating that T cell clones

retain their sensitivity to TK when the negative selective conditions are removed. When
clones maintained in the presence of hygromycin were compared to selected clones

removed from hygromycin and maintained up to six weeks in culture, both populations

were equally sensitive to ganciclovir.
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Dr. Greenberg explained that HIV seropositive patients with accurate diagnosis are

living longer than earlier patients. B cell lymphomas are being identified with

significantly increased frequency. Particularly with the use of AZT therapy early, it is

becoming evident that the only manifestation of HTV that is detected in seropositive

patients is B cell lymphoma. Approximately one-third of AIDS patients present with

lymphoma as their only manifestation of the disease. As a consequence of the increased

diagnosis of lymphoma, allogeneic bone marrow transplantation alone is being pursued

as a multicenter trial for HIV therapy. Bone marrow transplantation in this setting

provides a 40% long-term survival rate. The problem with this therapy is that AZT is

probably not completely effective in preventing the reinfection of the transplanted

marrow cells by residual HTV. Select cell populations, such as epithelial cells, may not

be ablated by current regimens. Treatment of the lymphoma does not guarantee

ablation of HTV or that the ability of the virus to reinfect new cells will be blocked. The
transfer of T cell clones into humans results in clearly documentable transfer of

immunity that persists for at least 6 weeks; these cells can be recovered and exhibit virus

specificity. Therefore, the transfer of HIV specific T cell clones into HIV seropositive

patients should provide an antiviral effect.

In response to Ms. Meyers' concerns regarding payment, Dr. Greenberg said that third

party carriers, insurance companies, routinely compensate for bone marrow
transplantations for the treatment of lymphoma. Therefore, patients will be billed for

the transplantation procedure. However, patients will not be billed for the T cell therapy

designed to treat HIV.

Dr. Greenberg responded to Dr. Epstein's question about whether the protocol would be

initiated without the addition of the marker gene. He stated that HyTK is not merely a

marker gene; it provides a clear function. That is, in the event that toxicity results from

the administration of the T cells clones, ablation of these cells is readily achieved.

Therefore, gene insertion is not separate from the T cell administration aspects of the

protocol. Dr. Greenberg noted data from in vivo CMV T cell clones suggesting that

there is no evidence of T cell toxicity in patients. CMV patients received 10
9 T cell

clone cells on an outpatient basis. Oxygen saturation was measured, and there was no
evidence of cell sticking to vessel walls as observed with TILs. In contrast to T cell

clones, TILs are non-specifically activated lymphocytes that are generated in

extraordinary non-pharmacologic doses of IL-2. The lethal problems that could be

particular to HIV are central nervous system (CNS) toxicity, marrow suppression, and

lymphocytic alveolitis, for which the potential to ablate the clones represents an

important safety factor.

In response to the clinical question regarding CMV infection following bone marrow
transplantation. Dr. Greenberg stated that in the event that CMV viremia develops,

ganciclovir therapy will be administered. If the T cell clones have already been
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administered, valuable information will be derived regarding the ability to ablate the T
cell clones. The investigators will then have the option to retreat patients with non-

transduced clones if their administration has been proven to be safe.

Dr. Mclvor asked Dr. Greenberg to address the characterization of HyTK. What
biochemical studies have been performed? Have inhibition studies been performed with

ganciclovir? Have studies been performed on the enzymology of the fusion protein? Dr.

Greenberg said that his collaborator, Dr. Bob Overell of Immunex, would present data

regarding the biochemical characterization of HyTK.

Dr. Leventhal asked if patients develop pneumonitis, how will the investigators

determine the cause? Dr. Greenberg responded that patients with pneumonitis receive

biopsies in order to evaluate the nature of the infection. These patients undergo lung

bronchopulmonary lavage and lung biopsy. Dr. Greenberg stated that the patient would

receive ganciclovir in the event that pneumonitis occurs.

As a point of clarification. Dr. Epstein asked if the administration of the T cell clones is

contingent on transduction with the HyTK gene. Dr. Greenberg affirmed that the T cell

clones would only be administered to the patient if there is evidence of transduction.

Based on the potential toxicities of T cell clones to recognized viral targets, there may be

substantial risk to the patient in the absence of the ability to ablate them. The marker

function of the gene is not the issue; the ablation function is critical. Dr. Epstein asked

about the perceived risks. Dr. Greenberg responded that lymphocytic alveolitis and CNS
dysfunction are the two major concerns. Dr. Epstein inquired as to the relative

magnitude of the risk. What fraction of patients would require ablation? Dr. Greenberg

stated that true indications for ablation are estimated to be approximately 1 in 4

patients.

Presentation-Dr. Overell

Dr. Walters called on Dr. Overell to present the biochemical analysis data on HyTK.
Dr. Overell described experiments using a panel of plasmid vectors expressing either the

hygromycin phosphotransferase (hph) gene, the HSV-TK gene, or the HyTK gene under

identical transcriptional control conditions. These plasmids were then transfected into

rat cells that were selected in either hypoxanthine-aminopterin-thymidine (HAT) medium
or hygromycin B. The ganciclovir sensitivity experiments that Dr. Mclvor inquired about

have not been performed. However, data suggest that the HyTK protein is more
effective at conferring ganciclovir sensitivity than the HSV-TK protein. To confirm this

hypothesis, Dr. Overell presented data in which cells were transfected either with the

hygromycin gene, the TK gene, or the HyTK gene. The cells were selected in either

hygromycin B or HAT. Since these are TK(-) cells, HAT selection can be used,

improving the ablation function. The data suggest that the HyTK is probably a superior
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selectable marker to HSV-TK.

Dr. Overell addressed the issue of helper virus contamination. He described the neo

virus rescue assay that is being used, in which NIH 3T3 cells release replication-

competent neoR virus when exposed to a sample containing amphotropic helper virus.

All samples were cultured for 14 days in vitro and then assayed on NIH 3T3 cells; these

cells were then selected for drug resistance. No neoR colonies resulted, indicating the

lack of replication-competent virus in these samples. To validate the assay, amphotropic

helper virus was titered onto NIH 3T3 cells. At a concentration of three focus-forming

units (FFU) per milliliter, the cells grew to confluency, providing confidence in the

sensitivity level of the assay. At a concentration of less than one FFU per milliliter, a

very dramatic growth response was observed with the control. The S
+
L' assay is also

used on supernatants from the T cell clones within 2 weeks of infusion. In addition.

Mink cell focus-forming (MCF) and ecotropic virus assays will be performed.

In response to Dr. Mclvor's question regarding HyTK retroviral expression, Dr. Overell

presented Northern blot data in which an SP6 probe specific for the hph segment of the

HyTK gene was used; the expected transcripts were observed. Dr. Overell described

Southern blot experiments indicating that the cells contain unrearranged copies of the

retroviral vector.

Discussion

Dr. Kelley asked how insertional mutagenesis would be determined. Dr. Greenberg

stated that the risk of insertional mutagenesis in the context of serious biologically

important mutations should be much lower than for gene marking trials, because there

will be significantly fewer insertion sites (between 5 and 10) as compared to the random
insertion of marker genes. In turn, the cells can be probed in order to determine

whether these insertions are biologically important, particularly with regard to

transformation, because they will be followed for their ability to grow independent of

growth factors. Therefore, the risk of insertional mutagenesis for this study should be
extremely low.

Dr. Erickson inquired about the bystander effect. Dr. Greenberg explained that the effect

has not been observed and explained in vivo murine data in which the entire lymphoid

population expresses the TK gene. In this setting, ablating the entire lymphoid

population with ganciclovir has no effect on other cell populations. Therefore, if

lymphoid cells are expressing the gene, the bystander effect is probably not going to be

biologically important.

Dr. Mclvor asked about the mutation frequency in these T cells clones, citing data from

the CMV system in which several clones developed resistance to both hygromycin and
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ganciclovir. What is the estimated frequency of these mutations? Dr. Overell responded

that the CMV system is a heterogeneous virus population in which 99.9% of the virus

particles confer both hygromycin and ganciclovir sensitivity. Therefore, in 10 transduced

T cell clones, there will probably be no resistant clones. Dr. Mclvor stated that the

frequency of mutation should be on the order of 1 in 10
6
cells. Dr. Greenberg noted

that even if some of the cells are resistant and therefore non-ablatable, there should be
no risk to the patient from the few remaining cells.

Dr. Mclvor inquired about the transduction frequency in these T cell clones. What
about multiplicity of infection? Dr. Greenberg answered that the multiplicity of infection

is approximately a 1:1 ratio, and that he and his colleagues have been successful in

transducing every T cell clone that has been attempted.

Ms. Meyers asked if the drug Foscamet could be used as an alternative therapy for CMV
infection. Dr. Greenberg said that ganciclovir has been proven to be the most effective

treatment; therefore, it is the choice of treatment for the infection. In addition, the FDA
has not approved the use of Foscamet in the bone marrow transplant setting because of

the toxic effects that have been observed when the drug is administered in combination

with cyclosporin.

Dr. Leventhal commended the investigators for including a stopping rule that considers

failure as well as success. In the event that the therapy is working well, the protocol will

be stopped early. However, she suggested that a section be included in the informed

consent regarding permission for postmortem. She stated that she was in favor of

approving the protocol.

Subcommittee Motion

A motion was made by Dr. Epstein and seconded by Dr. Mclvor to recommend the

protocol to the RAC. The motion passed by a vote of 11 in favor, 0 opposed, and 3

abstentions. The HGTS suggested that the following changes should be incorporated

into the informed consent document: (1) the following sentence should be added:

"Because the gene modification procedure is relatively new, it is possible that despite our

extensive efforts it may cause some unforeseen problems or even have the very remote

possibility of causing death," and (2) a statement will be included informing the patient

that they will not be responsible for the cost of generating the T cell clones; however, in

the event of untoward consequences following the cell transfer, there would be costs

associated with clinical care.

Ms. Meyers asked if illness resulting from progression of the patient's disease could be

distinguished from untoward effects resulting from the T cell therapy, would the patient

be responsible for costs resulting from the negative effects of the therapy. Dr.
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Greenberg stated that the effects would be indistinguishable. By providing informed

consent, the patient assumes responsibility for the cost of clinical care resulting from
illness. Dr. Walters asked if an attempt would be made to bill the third party carrier

first. Dr. Greenberg agreed that insurance companies will be billed first; however, the

patient is ultimately responsible.

Dr. Miller inquired as to whether the patient's participation in this protocol affects their

ability to obtain insurance for the remainder of the treatment. Dr. Greenberg stated

that he could not answer the question definitively; however, historically at the Fred

Hutchinson Cancer Center, third party carriers agree to coverage following participation

in more than one experimental protocol.

Dr. Miller requested that the investigators provide a list of assays that will be performed.

Dr. Overell presented a summary slide of the validation testing including sterility,

mycoplasma, transmissional electronmicroscopy with and without iodo-deoxyuridine

treatment, karyology, soft agarose tumorigenicity, MAP testing, and screening for bovine

and porcine viruses. Southern blot analysis is performed to verify the integrity of the

viral structure and viral titer is always determined. Amplifications are performed for the

detection of replication-competent helper virus.

PROPOSED AMENDMENT TO APPENDIX D OF THE NIH GUIDELINES
REGARDING A HUMAN GENE THERAPY PROTOCOL ENTITLED
LYMPHOKINE GENE THERAPY OF CANCER: PHASE I STUDY OF
TUMOR IMMUNOTHERAPY WITHAUTOLOGOUS FIBROBLASTS
GENETICALLYMODIFIED TO SECRETE INTERLEUKIN-2/Hr. Sobol:

Review-Dr. Parkman

Dr. Walters called on Dr. Parkman to present his primary review of the protocol

submitted by Dr. Robert Sobol of the San Diego Regional Cancer Center, University of

California, San Diego, California. Dr. Parkman explained that the protocol is derived

from basic research demonstrating that the insertion of the gene coding for IL-2

expression into mice results in a more effective immune response. The data that provide

the basis for this protocol are the same data used by Dr. Steven Rosenberg of the

National Cancer Institute, NIH, to support his gene therapy protocol. The HGTS and

the RAC have previously reviewed and approved Dr. Rosenberg's protocols. Dr.

Rosenberg proposed to insert the IL-2 gene and the TNF gene into human cells. The
only difference between Dr. Sobol's protocol and Dr. Rosenberg's protocol is that Dr.

Sobol is proposing to obtain a skin biopsy from the patient, grow the fibroblasts in vitro
,

mix the fibroblasts with irradiated tumor cells, and inject the mixture subcutaneously.

Dr. Rosenberg proposed transducing tumor cells with genes coding for either IL-2 or

TNF and injecting these viable tumor cells into patients. The question is whether the
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exogenous production of IL-2 by fibroblasts will lead to the same augmentation of

immunological response that occurs when the IL-2 gene is inserted into viable tumor

cells. The investigators hypothesize that irradiation of the tumor cells will alleviate

safety concerns about growth and possible metastasis of tumor cells. The scientific

concern is whether having IL2 produced locally in a different cell type will produce the

same biological effects as having the EL-2 produced by the tumor cells.

Dr. Parkman cited data submitted by the investigators demonstrating that human IL-2

can be expressed in both human embryonic fibroblasts as well as murine fibroblasts.

However, there is a significant twofold difference between the amount of IL-2 that is

produced depending on the cell type that is transduced. Another factor to consider is

that the experimental data have been derived using embryonic fibroblasts. The proposed

study will use primary skin or dermal fibroblasts. Dr. Parkman inquired whether the

production of IL-2 is the same between the different cell types. Is the biologically active

IL-2 immunochemically detectable by Enzyme-Linked-Immunosorbent Assay (ELISA)?

The investigators have observed stimulation by supernatants of non-modified fibroblasts

that may indicate that there is a feeder effect. Is the stimulatory effect on modified cells

due to IL-2, or are there other consequences to transduction that could result in the

stimulation of CTL by molecules other than IL-2? What is the evidence that the

stimulatory effect is due to IL-2 and not other factors? What percentage of the selected

fibroblasts are actively producing human IL-2?

Dr. Parkman stated that his greatest concern was whether the introduction of tumor cells

plus fibroblasts produces biologically active IL-2 equivalent to tumor cells into which the

IL-2 gene has been directly inserted. Data indicate that there is a statistically significant

difference in the amount of IL-2 expressed by transduced viable tumor cells alone versus

irradiated tumor cells in combination with transduced fibroblasts. Since these data were

derived from a single experiment, he inquired if these data were reproducible. Have the

investigators analyzed IL-2 expression in tumor cells plus unmodified fibroblasts versus

tumor cells plus modified fibroblasts? How long do the fibroblasts continue to produce

IL-2? It is not clearly outlined in the protocol how the investigators are going to

determine between IL-2 produced by the patient versus IL-2 produced by the local

injection of the modified cells. Will there be a change in IL-2 serum levels?

Dr. Parkman noted that there is no reference to patient biopsy to determine the

persistence of these fibroblasts. How long will these cells persist? How long will they

make IL-2? Is it critical that these fibroblasts continue to produce IL-2 for a long period

of time? Many of these experimental questions could have been answered using a

murine model. Primary murine fibroblasts could be transduced and returned to the

mice. The mice could then be biopsied and analyzed by ELISA for murine IL-2

expression. This experiment would answer the question regarding detectable circulating

levels of IL-2 that are derivative of the local injection. This question cannot be
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answered in the human situation.

Dr. Parkman stated that the investigators have not specified the types of tumors that

would be proposed for treatment in this study. This protocol should limit treatment to

melanomas since this type of tumor is immunologically distinct, offering potential

therapeutic benefit, in addition to the ability to monitor the effects of treatment on
distant sites. Another concern is that the in vivo animal data were generated using naive

animals. Although immunotherapy has never been proven as an effective treatment

against bulk disease, it would be efficacious to show a systemic effect of the therapy on
microscopic disease. Animal models exist to study the effects on microscopic disease,

e.g., lung metastases. Although the investigators are doing a Phase I study, there still

must be justification that the protocol has the likelihood of being effective.

Dr. Parkman summarized the areas in which there was insufficient information or data:

(1) What are the tumor types proposed for treatment? (2) Is IL-2 secretion by

fibroblasts plus irradiated tumor cells equivalent to the levels observed in viable tumor
cells? (3) Is tumor cell replication necessary to obtain the ultimate protective effect of

the therapy? (4) Data should be provided in an appropriate animal model that is more
analogous to the human setting, i.e., skin fibroblasts, irradiated tumor cells, and pre-

existing tumor burden.

Review-Dr. Neiman

Dr. Neiman stated that many of his concerns had been addressed by Dr. Parkman.

Although the protocol addresses a potentially important issue in terms of broadening the

applicability of a new approach to tumor immunotherapy, the preclinical testing in terms

of animal models and vectorology are short of the standards that have been established

for similar protocols. The investigators need to perform additional experiments that will:

(1) demonstrate an effect on the type of tumor cells being proposed for the human
setting using skin-derived fibroblasts; (2) demonstrate adequate production of IL-2 from

these transduced cells in the mixture setting, (3) demonstrate an adequate immune
response in an appropriate animal model, and (4) identify the types of human tumors

that will be targets for this therapy.

Review-Mr. Capron

Mr. Capron asked what the statement "fail conventional therapy" actually refers to in the

protocol. The criteria needs to be defined more clearly. What does the statement mean
that "patients will come from those who are referred by physicians and those who are

self-referred?" The informed consent document states "there may be no direct benefit

from the therapy to the subject." The word "research" should be used in place of

"therapy." He stated that the word "vaccination" is used throughout the document and
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suggested that the word be eliminated. The statement "as a result of being exposed to

these transfer genes, it may be necessary to avoid intimate contact with others" is vague.

If there is substantial concern about the transfer of genes through sexual contact, this

concern should be more clearly stated. If the concerns are not warranted, then the

statement should be eliminated from the informed consent document. The submission of

this protocol is premature.

Other Comments

Dr. Parkman noted that the Points to Consider document requires that the investigator

provide data regarding the percentage of cells expressing DNA. How much IL-2 does a

transduced fibroblast produce on a per cell basis compared to T cells with some other

stimulus? Is the amount of IL-2 expressed by transduced tumor cells equivalent to the

amount expressed by transduced fibroblasts? Dr. Parkman suggested an in vivo

reconstruction experiment in which the investigators inject enough transduced fibroblasts

to express the same level of IL-2 expressed by transduced tumor cells.

Dr. Mclvor added that another important experiment that should be performed would be

to remove lymphocytes from the animal and demonstrate that they possess cytolytic

activity against the target tumor. The proposed ratio of fibroblasts to tumor cells is very

high. The total number of cells necessary for injection into animals to observe an

efficacious response may not be available. The investigators did not provide any vector

safety data, i.e., the presence of infectious agents or replication-competent helper virus.

These data need to be provided.

Dr. Parkman noted that the investigators propose to administer a total number of

fibroblasts that is equivalent to measurable units of IL-2. The ELISA assays should be

performed to determine optimum times for supernatant collection. The amount of IL-2

produced may be a function of the period of time over which the supernatant is

collected, not the number of fibroblasts.

Dr. Epstein stated that the protocol has received three negative evaluations by the

primary reviewers and questioned if the HGTS should continue discussion of the

protocol. Drs. Royston and Sobol responded that they had additional information and

requested that the HGTS allow them to present these data. Dr. Neiman agreed that the

investigators should be provided the opportunity to respond and present additional data.

Dr. Gellert noted that the standard set by the HGTS has been that investigators should

provide critical data prior to the meeting, so that it can be carefully reviewed. Dr.

Gellert added that even if significant data are presented today, the conclusions of the

HGTS will probably not change. Dr. Miller polled the subcommittee members as to

whether the investigator's written responses sufficiently answered any of the concerns

that have been addressed by the reviewers. Dr. Parkman stated that no new data had
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been submitted by the investigators prior to the meeting. Dr. Royston responded that he

was not aware that written responses were required to the reviewers' comments and

added that the investigators had planned an oral response to the questions. Dr. Walters

stated that the investigators should be given an opportunity to present their data.

Presentation-Dr. Sobol

Dr. Sobol stated that this protocol is a Phase I study of tumor immunotherapy using

autologous fibroblasts that have been genetically modified to secrete IL-2. He
introduced his collaborators, Drs. Ivor Royston, Habib Fakhrai, and Theodore

Friedmann. Dr. Sobol described the immunotherapy regimen. Irradiated tumor cells

and autologous fibroblasts will be transduced with a gene coding for the secretion of IL-

2. Two biopsies will be taken from patients prior to therapy, a skin biopsy and a tumor

biopsy. Fibroblasts will be harvested from the skin biopsies and will subsequently be

transduced with the IL-2 gene. The tumor cells will be irradiated and mixed with the

transduced fibroblasts. This mixture will be used to immunize the patient against their

own tumor cells.

Dr. Sobol described the rationale for the protocol. Although cytokines have been shown

to be efficacious in providing the cytotoxic elimination of tumor cells, they have proven

to cause a significant degree of toxicity in vivo when administered systemically. Although

some investigators have attempted intralesional injections of cytokines to overcome the

toxicities associated with systemic administration, this approach is impractical for most

patients. He cited investigators who have attempted to achieve tumor regression by

genetically modifying tumor cells to express cytokines and added that there are a

significant amount of data demonstrating that rejection of tumor cells can be achieved in

vivo by transduction with cytokine genes.

Dr. Parkman restated his question regarding the amount of IL-2 that is secreted per cell.

Dr. Sobol responded that there are approximately 30 units of IL-2 secreted per 10
6
cells

in 48 hours. Dr. Miller inquired as to the equivalent picograms per milliliter. Dr.

Fakhrai answered that two units of IL-2 is equivalent to one nanogram.

Dr. Sobol presented data from Dr. Fearon's laboratory using the CT26 colorectal

carcinoma animal model. Animals were immunized with CT26 cells that were

transduced with the IL-2 gene and challenged with tumor 2 weeks later. None of the

animals that received transduced tumor cells developed tumors. The animals that did

not receive the therapy developed tumors. Four weeks following immunization an

intermediate level of protection was identified. Dr. Fearon's data demonstrated that the

spleen cells of these animals were also capable of lysing tumor cells. When these

splenocytes were analyzed, it was found that specific tumor cell lysis could be abrogated

with anti-CD8 and anti-Class I major histocompatibility complex (MHC) antibodies.
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These results were also obtained in an in vivo model.

Dr. Sobol noted that although the results of these experiments are promising, there are

disadvantages to using transduced tumor cells for this therapy. Tumor cells are often

difficult to culture and transduce in vitro. Only a subset of patients will have tumors that

can be grown effectively. In addition, this approach requires that tumor cells that have

proliferative and metastatic capabilities would be readministered to the patients.

Because of these problems, an alternative therapeutic approach was designed. Irradiated

tumor cells will be used in place of viable tumor cells to eliminate their proliferative

capacity. These tumor cells will be mixed with cells that have been transduced to

express the target cytokine and to immunize patients and induce anti-tumor immunity.

With the use of this approach, the likelihood of systemic toxicity is greatly reduced. This

protocol obviates the need for intralesional injection because fibroblasts are readily

cultured and transduced in vitro. Dr. Sobol introduced his collaborator, Dr. Fakhrai, to

answer questions regarding the vector.

Presentation-Dr. Fakhrai

Dr. Fakhrai presented in vivo data using the retroviral vector, DCTK IL-2, that was

developed in Dr. Eli Gilboa's laboratory. However, Dr. Fakhrai stated that since this

vector did not provide sufficient levels of IL-2, he constructed new vectors that would

secrete higher levels of cytokine. Dr. Miller asked why the animal experiments were

performed using a vector that is different from the one that is being proposed in this

protocol. Dr. Fakhrai explained that the new vector constructs, LNCX-IL2 and LXSN-
IL2, produce significantly higher levels of IL-2 than DCTK IL-2. Dr. Neiman noted that

the data were being presented for human embryonic fibroblasts, not skin fibroblasts. Dr.

Fakhrai stated that the investigators are proposing to use LNCX-IL2 because it is the

newest vector and produces the highest levels of IL-2 expression. Dr. Royston explained

that the investigators are requesting the HGTS to grant approval for the use of both

vectors, so that they have the option to use the vector that works the best. Dr. Royston

stated that LNCX-IL2 is driven by a CMV promoter, and they have not established its

efficacy in vivo. The LTR driven vector, LXSN-IL2, is more established in the in vivo

system.

Dr. Neiman asked Dr. Royston how many different primary fibroblast specimens have

been transduced with LXSN? Dr. Royston responded that they have transduced two

primary cultures. Dr. Fakhrai presented data in which mice were immunized on day 0

with either 2.5 x 10
6
irradiated CT26 tumor cells alone, 2.5 x 10

6 CT26 tumor cells plus 2

x 10
6
unmodified fibroblasts, or 2.5 x 10

6 CT26 cells plus 2 x 10
6
IL-2 expressing

fibroblasts. A significant anti-tumor response was observed in animals receiving the

irradiated tumor cells plus the IL-2 transduced fibroblasts. Dr. Miller stated that the

responses appear the same with either modified or unmodified fibroblasts. Dr. Royston
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added that the irradiated tumor cells alone produce an anti-tumor effect in these

animals.

Dr. Miller asked if the investigators considered injection of the irradiated tumor cells

alone. Dr. Epstein inquired about the number of animals that have been treated. Dr.

Royston responded that these effects are observations that have not been verified

statistically because only five animals have been studied. These experiments are

ongoing, and it is anticipated that the data will prove to be significant. Dr. Royston

requested that the HGTS outline what they would consider to be an acceptable number
of experiments to confirm these observations. Dr. Epstein responded that it is not the

subcommittee's responsibility to decide the number of experiments an investigator should

perform and added that an investigator should not even submit an abstract based on data

from only five animals.

Dr. Fakhrai continued to present data demonstrating that embryonic fibroblasts are

capable of producing 162 nanograms per milliliter and that the IL-2 is biologically active.

Data suggest that irradiated tumor cells alone inhibit tumor growth and that

immunization with a mixture of IL-2 transduced fibroblasts and irradiated tumor cells

protects against subsequent tumor challenges. Dr. Sobol acknowledged that more
experimental data need to be obtained, and added that the researchers' intention was
merely to update the HGTS on the preliminary data and to define those experiments

that need to be performed prior to the RAC meeting.

Dr. Miller stated that the investigators should bring their presentation to a close, because

there were insufficient data to justify this protocol. Dr. Royston said that it is the

responsibility of the HGTS to critique the protocol. Dr. Epstein replied that it is not the

subcommittee's responsibility to critique a protocol that has been submitted with

insufficient data. Dr. Childress suggested that perhaps there is a misconception on the

part of the investigators about the role of the HGTS. In fact, the subcommittee is

moving towards a more systematic review process than in the past. Dr. Royston asked if

the HGTS would allow the investigators to go to the RAC with expanded data or require

that they return to the HGTS. Dr. Miller responded that there were no data presented

to suggest that the investigators are prepared to move to the clinical setting.

Subcommittee Motion

A motion was made by Dr. Mclvor and seconded by Mr. Capron to defer approval of the

protocol. Dr. Parkman requested that in fairness to the investigators, the HGTS should

allow them an opportunity to complete their presentation of their clinical protocol and

receive constructive comments from the subcommittee members.

Dr. Neiman stated that investigators submitting human gene transfer/therapy protocols
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should consider that they are not Phase I trials in the strictest sense. Traditional Phase I

trials monitor the safety of the treatment, and the issue of efficacy is modest. In the

setting of gene therapy, conventional standards that are used for drugs are not valid

because efficacy is being considered in addition to toxicity. Dr. Leventhal agreed with

Dr. Neiman and added that it is the efficacy of the gene transfer that is being

considered, not the anti-tumor efficacy of the protocol. Dr. Parkman agreed and stated

that the HGTS requires that the efficacy of gene transfer would be demonstrated in

preclinical studies prior to submission of the protocol.

Dr. Sobol continued his presentation of the protocol. This protocol is a Phase I study

designed to determine safety, tumor response, and immune response to the proposed

therapy. Patients will receive two immunizations, two weeks apart, of 10
7
irradiated

tumor cells. These patients will also receive IL-2 transduced fibroblasts mixed with the

tumor cells in a dose escalation manner. Fibroblasts will be injected that secrete

between 20 and 120 units of IL-2. Preclinical data suggest that efficacy will be observed

at a level of eight units of IL-2. Based on the current levels of IL-2 secretion that are

produced with the current vector, these levels of IL-2 would translate into a range of

between 1 x 10
6 and 1 x 10

7
fibroblasts. These are practical numbers of fibroblasts to

grow and safely inject into patients.

Dr. Sobol said that assays will be performed on peripheral blood cells to monitor the

presence of the neoR gene as an indirect method of detecting any residual virus that may
be capable of infecting other cell types in the patient. Humoral immunity assays will be

performed on serum samples in addition to phenotyping. Dr. Leventhal inquired as to

what was meant by humoral immunity studies. Dr. Sobol answered that they will

perform assays to determine how patient serum samples react with the tumor cells; pre-

and post-treatment serum samples will be compared.

Dr. Parkman asked if the lesions or injection sites would be biopsied to determine

persistence or duration of persistence of the IL-2 secreting fibroblast. Dr. Sobol replied

that the human protocol does not include biopsy procedures; however, the investigators

perform biopsies in the animal system. He added that the biopsy requirement may be

too severe for patients.

Dr. Sobol said that in the first few patients, peripheral blood mononuclear cells will be

obtained and mixed with the patient's tumor extracts in an in vitro proliferation assay to

determine cellular immunity. Patients will be followed for at least three months. If

patients respond, these patients will be followed until those responses disappear.

Dr. Leventhal asked the investigators what tumor types they are proposing to treat. Dr.

Sobol said that they would like to keep the option available to treat all histologic types

since it is difficult to predict in which types efficacy might be seen. Dr. Royston stated
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that in the animal studies, they have observed a response to fibrosarcomas, colon

carcinomas, melanomas, and renal cell cancer. It would be preferable to open the study

to all tumor types because it is difficult to predict exactly which patients will respond to

this treatment. Dr. Royston encouraged suggestions from the HGTS members regarding

the range of tumor types. The goal of this study will be to evaluate the toxicity

associated with TLr2 secreting fibroblasts at the local site. Data derived from animal

experiments suggest that fibrosarcomas, colon carcinomas, melanomas, and renal cell

carcinomas are responsive to this form of therapy. Dr. Royston noted, however, that

there is probably no direct relationship between the animal models and human cancer

with regard to tumor types.

Dr. Parkman stated that experiments should be performed using the tumor types that are

historically most responsive to immunotherapy. Dr. Leventhal stated that the study

should be designed to demonstrate that the transduced fibroblasts are expressing IL-2

and whether an immune response has occurred as a result of the IL-2 secreting cells.
1

Therapeutic efficacy is not expected to be demonstrated in these patients because of

their enormous tumor burden; their immune systems may be paralyzed. Dr. Leventhal

suggested that the investigators should determine which patients exhibit an immune
response before limiting tumor types. Eligibility should be determined in terms of the

experimental endpoints. In addition, patients should not have received extensive

chemotherapy that would render them immunoincompetent. The most appropriate

limitation on patient eligibility would be patients who have no curative conventional

therapy available. These criterion would not limit the study to any particular tumor type.

Dr. Leventhal stated that the investigators should avoid any experimental design in which

they would not be able to interpret the results. If the treatment is not efficacious and

the investigators have not determined that immune manipulation has been achieved, then

one cannot determine if the negative results are the result of the wrong dose or

I ineffective treatment. The doses of IL-2 secreting cells must be determined more
precisely. Describing the dose in terms of IL-2 units alone is not sufficient.

Dr. Leventhal inquired if steroids antagonize the effect of IL-2. Dr. Sobol stated that

steroid administration may inhibit an inflammatory response and that the effect of

steroids on this treatment should be examined. Dr. Leventhal suggested that the

investigators consider the use of Motrin instead of steroids. She noted that IL-2 causes

systemic toxicity and added that the investigators should state how they would treat such

toxicity.

Dr. Leventhal noted that the issue of gene transfer must be addressed by the

investigators. A local biopsy should be performed afterX number of days; the X may be

of critical importance. In addition, the effect of the inserted gene must be demonstrated,

e.g., measurement of serum IL-2 levels. Dr. Sobol said that standard assays exist for
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determining IL-2 serum levels; however, it is not anticipated that IL-2 serum levels will

be elevated above pretreatment levels. Dr. Leventhal noted that if systemic IL-2 levels

are not expected, than local IL-2 production is critical.

Dr. Leventhal said that the investigators should provide a statistical section that defines

success, failure, and stopping rules in terms of genetic manipulation. The possibility of

enhancing tumor growth by ID2 transduction should be discussed. In addition, the

number of patients proposed for the study should be clearly stated and rationalized. If

the tumor burden in these patients increases significantly, how will the investigators

determine if tumor growth was induced by IL-2 production or was part of the natural

course of disease?

Dr. Walters suggested that several HGTS members should create a detailed list of the

preclinical studies that would be necessary to perform prior to the investigators'

returning to the subcommittee for approval. Dr. Royston reminded the HGTS members
that preclinical studies have already been detailed in the primary reviewers' written

comments.

Dr. Royston said that he was concerned about Dr. Epstein's written comments regarding

the importance of using primary mouse skin fibroblasts in the preclinical model as

opposed to a fibroblast cell line. Dr. Miller stated that primary fibroblasts are critical

for the model. Balb C tissue culture cells will form tumors in mice. Dr. Royston said

that they had not observed tumors as a result of these cultured cells. Dr. Miller asked

how long the animals were observed. Dr. Royston stated that the animals had been
followed for as long as three weeks. Dr. Miller said that tumors develop in mice after

one to two months with tissue culture cells.

Dr. Erickson stated that primary fibroblasts cannot be obtained from an adult mouse.

Dr. Miller replied that a primary fibroblast strain can be obtained from an adult mouse.

Dr. Royston agreed that he and his colleagues would make an effort to obtain an early

primary fibroblast passage for the preclinical experiments.

Dr. Sobol asked if in vivo IL-2 expression experiments are performed in animals, would

patient biopsies still be required for the human study. Dr. Leventhal noted that

immunotherapy has been repeatedly proven effective in murine models but not yet in

humans. Patient biopsies will be necessary to assess gene expression. Dr. Royston

reminded the HGTS members that human experimentation is of ultimate importance.

How much preclinical data is necessary? Dr. Parkman said that needle biopsies do not

even require anesthesia because of the small specimen size. Performing reverse PCR to

assay for IL-2 gene expression will require very few cells.

Dr. Parkman said that preclinical data should be provided in the following areas: (1) use
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an animal model with preexisting bulk disease, (2) demonstrate the effect on distant

preexisting tumor sites to simultaneous injection of tumor cells versus tumor cells plus

fibroblasts, (3) demonstrate the effect of immune manipulation in a micrometastatic

tumor model, (4) demonstrate the effect of irradiated tumor cells plus early passage

primary fibroblasts, (5) generate transduction efficiency data, (6) demonstrate the

percentage of selected fibroblasts that are actively synthesizing IL-2 in both mouse and

human cells, and (7) demonstrate in an animal model that the injection of fibroblasts

does not elicit an autoimmune response.

A motion was made by Dr. Parkman and seconded by Dr. Miller to defer approval of

the protocol. The motion passed by a vote of 13 in favor, 0 opposed, and no abstentions.

VIII. REPORT FROM THE WORKING GROUP ON NEW APPROACHES TO GENE
THERAPY

Dr. Walters thanked the editor of The Journal of Medicine and Philosophy
,
Dr. H.

Tristram Engelhardt, Jr., and the editor of the thematic issue on germ-line intervention,

Dr. Eric Juengst, for granting the HGTS permission to view preprints of essays and

abstracts from the issue on germ line genetic intervention. He also thanked Drs. W.
French Anderson and John C. Fletcher for submitting a preprint that is to be published

in Law, Medicine, and Health Care on this same topic.

Report-Dr. Parkman

Dr. Parkman stated that the HGTS decided the most logical place to begin discussion

regarding germ line gene therapy was to review the topics that experts in the field have

already discussed. Therefore, review of pertinent literature on this topic is a sensible

starting point. There are three particular questions that the working group has focused

on as central topics for discussion: (1) What are the areas in which the HGTS should

obtain information in order to provide a background for these discussions? (2) What is

the expected timeframe over which these discussions should occur? and (3) What
categories would the HGTS put forward as beneficial uses of genetic intervention? Dr.

Parkman gave an overview of the working group's discussions on these issues.

Dr. Parkman said that the working group regarded the information on the present status

of germ line gene therapy in large animals as critical information to review. How often

is germ line transfer in large animals successful? Are there deleterious effects? Dr.

Epstein asked for a clarification about what is meant by the phrase "therapy in large

animals." Does this refer to transgenic animals? Dr. Parkman responded that transgenic

animals would fall into this category. He referred specifically to homologous

recombination with active germ line manipulation. Dr. Parkman said that the working

group was interested in the present status of pre-implantation diagnosis experiments.
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Another consideration is gene insertion into ova and sperm. What is state-of-the-art

technology?

In addition to the scientific questions, the working group noted that the HGTS would
need extensive education regarding the ethical implications of germ line therapy. Since

the effects of germ line intervention will be on the individual as well as on future

generations, the criteria for risk-benefit assessment will have to be reconsidered. Do
models exist for the assessment of long-term implications of genetic intervention?

Dr. Parkman stated that the HGTS should establish a format for these discussions.

Should an additional day be added to the next meeting? Should afternoon sessions be

devoted to these topics? Should the subcommittee invite a series of speakers to address

these pertinent issues over a period of time?

Dr. Parkman suggested that these manipulations would be more accurately described as

germ line intervention or germ line effects rather that germ line therapy. Although there

will be adventitious effects, these effects may not be therapeutic in the strictest sense.

There are clearly many different categories that can be considered.

Mr. Capron said that a useful exercise may be to develop several hypothetical cases for

discussion in order to guide the decision-making process. With this format, the HGTS
could begin to discuss ethical issues, risks and benefits, and the ability of individuals to

provide consent. It will be critical for the subcommittee to articulate to the scientific

community and the public what kinds of standards will be applied in the review of

human germ line experiments. Dr. Zallen added that it will be important that as these

discussions advance, the general public is provided the opportunity for input on the

pertinent issues. Dr. Parkman asked for suggestions regarding other areas of scientific

interest that should be included for discussion.

Dr. Epstein said that the areas that were defined by the working group were an

appropriate starting point. He agreed that a critical issue to consider will be germ line

intervention as a primary effect versus a secondary effect, such as in pre-implantation

intervention. Dr. Epstein suggested that the subcommittee should discuss the issue of

homologous recombination. It is critical that the HGTS be brought up to date on the

current status of site-specific integration and the possibility of homologous

recombinational events.

Dr. Leventhal stated that the RAC should initially review information regarding

adventitious germ line effects that have been observed in mature animals. Dr. Parkman
suggested another consideration would be the reported incidence of secondary germ line

effects resulting from somatic cell intervention. Dr. Epstein added that vast amounts of

literature exist regarding viral mutagenesis, radiation mutagenesis, and chemical
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mutagenesis that would be relevant to this issue.

Dr. Mclvor stated that the issue of homologous recombination is quite pertinent if germ
line transfer will likely be considered in the context of human disease, perhaps recessive

disease.

Dr. Mclvor suggested that the issue of inadvertent germ line effect should be segregated

from the issue of intentional germ line intervention. The issue of inadvertent effects is

relevant to current protocols, whereas intentional intervention is an issue of the future.

Dr. Parkman noted that it is critical for the subcommittee to consider the ethical and
scientific issues resulting from specific attempts to introduce genetic changes into the

germ lines of patients. Mr. Capron commented that in the Points to Consider, there is

currently no absolute prohibition against the risk for vertical transmission. Therefore,

this issue needs to be addressed. The possibility of vertical transmission of a gene to the

offspring of an individual should be the first agenda item that the HGTS discusses and to

consider this part of the process of examining the larger issue of intentional germ line

intervention.

Dr. McGarrity noted that another critical issue that must be considered by the HGTS is

that of fetal intervention. It is probable that the issues surrounding fetal genetic

intervention will emerge prior to germ line intervention. This case would provide a

model for which to discuss the ethical, legal, and moral issues regarding informed

consent in germ line intervention and would provide a starting point for discussion.

From a medical standpoint, there are numerous diseases in which the optimal time to

intervene will be in utero. Dr. Parkman said that the issue of fetal intervention relates to

pre-implantation diagnosis. Mr. Capron questioned the relevance of the fetal

intervention issue because it is unclear that the germ line effect on a fetus would be

different from that on an eight-week old child. Dr. McGarrity added that although

scientifically there is no difference in germ line effect, the issue will be perceived

differently by the public, therefore, it is important to provide a basis for considering the

moral and ethical issues. However, fetal protocols cannot be considered at this time due

to the Federal ban on fetal research.

Dr. Cook-Deegan noted that it is difficult to predict the safety concerns and to regulate

the technology associated with genetic intervention in an embryo or fetus. Novel

regulatory issues are raised because the issue of possible teratogenicity exists. Unless

you obtain complete gene conversion through targeted homologous recombination, there

is always the possibility of inserting a gene that is capable of producing other changes

that will pass through the whole developmental cycle. How would the safety issues be

defined? Dr. Parkman acknowledged that a gene could be inserted into a mature cell

and produce no deleterious effects. However, the same gene could have a deleterious

effect if inserted into a cell that has not differentiated.
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Dr. Epstein stated that the issue of homologous recombination versus transgenesis is a

recurrent issue. When creating a transgenic animal, the goal is to insert a gene into the

germ line, not cure disease; homologous recombination replaces a specific gene. The
distinction between homologous recombination and transgenesis is central to discussing

ethical and legal implications of germ line intervention.

Dr. Parkman said that he was not aware of any whole animal model designed to address

the issue of gene integration into gametes of the animal which has received genetic

therapy. Dr. Neiman suggested that the reverse situation should be discussed. The
HGTS should extrapolate from available quantitative data derived from specific gene

delivery systems for germ line intervention. Dr. Miller said that the rate of mutagenesis

in the germ line, e.g., from retrotransposons and radiation, is another pertinent issue to

consider. Dr. Neiman noted that there are several investigators analyzing genetic

instability who are studying specific gene loci under various settings and through

generational changes. Dr. Miller suggested that the first topic for discussion regarding

germ line therapy should be a report on baseline levels of genetic change and the

frequency of mutational events. Dr. Epstein suggested that Dr. James Neel, an expert on

human mutation rates, would be a good choice as a speaker for the next meeting. The
HGTS members agreed that a speaker should be invited to the next meeting to provide

background information on human mutation rates.

Ms. Meyers inquired as to how long it would take to change the Points to Consider

document to accommodate the consideration of germ line therapy protocols. Dr. Wivel

stated that any proposed amendment to the Points to Consider would have to be

published in the Federal Register 30 days prior to the RAC meeting. If the RAC votes

for approval of the amendment, the action is referred to the Director of NIH who has

the option to approve or disapprove the recommended action. If approved, the

amendment would be published in the Federal Register as a major action under the NIH
Guidelines for Research Involving Recombinant DNA Molecules. Dr. Leventhal stated that

such an action would require the equivalent of two meetings, the one in which the action

is proposed, and a second at which the action is voted on.

Dr. R. Murray inquired as to whether such an action would have to be approved at a

level higher than the Director of NIH. Dr. Wivel responded that the decision is at the

NIH level; however, this does not preclude the Director of NIH from seeking the advice

of the Assistant Secretary for Health and Human Services (HHS) or the Secretary of

HHS.

Ms. Meyers inquired about gene therapy protocols that have already been initiated, e.g.,

the adenosine deaminase deficiency (ADA) study. Have genes been inserted

therapeutically into children that may have an effect on their offspring? Dr. Miller

explained that germ line transfer is not an issue in protocols such as ADA, because the
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gene transfer occurred in vitro not in vivo. There is an extremely remote likelihood that

genes could enter the germ line of patients whose cells were transduced in vitro. Dr.

Parkman added that a more likely candidate for such concerns is Dr. Gary Nable's in

vivo liposome transfection; however, since the transfection is highly targeted, germ line

effects should not be a concern.

Ms. Meyers said that the majority of protocols that have been reviewed to date have

been approved for the treatment of cancer, usually in people beyond the child-bearing

age. Dr. Parkman added that the inclusion criteria for Dr. Nabel's liposome protocol

required that women be post-menopausal, thereby eliminating any potential risk

associated with germ line transfer. If the issues regarding germ line gene transfer are

resolved, in vivo gene therapy protocols will not be restricted to such small patient

populations. Dr. Anderson reminded the HGTS that two of the cancer patients treated

on Dr. Rosenberg's tumor infiltrating lymphocyte protocol were premenopausal and

capable of becoming pregnant. Dr. Walters said that it is the desire of the HGTS and

the RAC that these terminally ill patients get well and survive. Germ line transfer is not

an issue if the therapy is not curative.

Mr. Capron said that the HGTS must become educated, so that it will be prepared to

entertain germ line proposals when the time comes. Inviting experts on background

mutational rates is an excellent area in which to initiate ethical considerations. If it can

be determined that the possibility of germ line effect is less than or equal to the

background mutational rate, than there is statistically no increased risk to the patient.

Dr. Epstein asked the subcommittee to consider a patient that has received intense

therapy with highly mutagenic drugs for a malignancy. A high degree of mutagenesis is

allowable, using current therapeutic approaches to cancer treatment. In addition, there

are no exclusion criterion for these therapies pertaining to the age of a woman, i.e., her

reproductive capacity.

Dr. Walters summarized by stating that it is the consensus of the subcommittee to invite

an expert on background mutational rates to the next meeting, in order to initiate

discussions regarding human germ line gene therapy. Dr. Zallen asked if the speaker

would be announced in the Federal Register. If so, it might be useful for the HGTS to

consider how it would interface with the public regarding the issue since the subject is

usually viewed as emotional and perceptions are polarized? Mr. Capron noted that the

Federal Register announcements notify the public that they may comment on the

proposed agenda items. Dr. Leventhal suggested that future discussions should include

individuals that have been diagnosed as having hereditary diseases. It would be useful to

obtain responses from the patient population to which such therapies will be targeted.

Perhaps, there could be a targeted mailing of the Federal Register announcement. Ms.

Meyers suggested contacting these patients, as well as the Ethical, Legal, and Social

Implications Working Group of the National Center for Human Genome Research
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(NCHGR) and the Department of Energy. Dr. Walters noted that Dr. R. Murray is a

member of that Board. Dr. Walters added that Dr. Eric Juengst (NCHGR) should be
invited to attend the next HGTS meeting.

Ms. Meyers recommended that the HGTS adopt the invited expert educational format

and, at the same time, plan for a consensus development conference in which the

public's input would be invited.

IX. REPORT FROM THE WORKING GROUP ON THE FUTURE ROLE OF THE
RECOMBINANT DNA ADVISORY COMMITTEE-CONTINUED DISCUSSION

Dr. Walters called on the HGTS to continue their discussion on the future role of the

RAC. Dr. Epstein moved to untable the motion made by Dr. Erickson to merge the

HGTS into the RAC. Dr. Erickson seconded. The motion to untable passed by a vote

of 10 in favor, 1 opposed, and 2 abstentions. HGTS members continued their discussion

of the motion to merge the HGTS with the parent committee, the RAC.

Dr. Miller explained that the RAC consists of 25 members; one-quarter of these

members' terms expire in 1991. Therefore, these vacancies on the RAC should provide

the number of slots necessary for the transitional HGTS members, pending approval by

the Secretary, HHS. Dr. Leventhal noted that there are six HGTS members who are

already members of the RAC. Dr. Epstein recommended that although the mechanism
for transition of HGTS members to the RAC remains to be worked out, the

recommendation on this issue should be transmitted to the RAC.

Dr. Erickson explained that the transitional period of merging the subcommittee with the

parent committee should be used to focus on the two working groups of the HGTS, Data

Management and New Approaches to Gene Therapy. These working groups would have

specific goals separate from the review of new protocols.

Dr. Neiman commented that merging the HGTS into the RAC does not preclude the

creation of new working groups and subcommittees by the RAC in the future.

Dr. R. Murray noted that the Points to Consider references the HGTS and that

modifications must be made to the document to accommodate the folding of the

subcommittee into the RAC. Dr. Neiman suggested that changes to the Points to

Consider is an issue that should be discussed by the RAC. Mr. Capron said that it would

be appropriate for the HGTS to draft a revised Points to Consider incorporating the

appropriate changes and to forward it to the RAC for consideration.

Dr. Zallen inquired as to whether a RAC member could be reappointed to the

committee upon completion of his/her term? Dr. Wivel responded that for Secretarial
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committees, a member must be off of the advisory committee for at least one year

before he/she is eligible to be renominated.

Dr. Walters called on Dr. Erickson to restate the original motion. Dr. Erickson said that

the HGTS will be merged into the RAC, that the number of meetings will be increased

from 3 to 4 per year, and that there will be a transition year in which the HGTS will

meet solely to develop strategies for simplifying the protocol review process. The motion

passed by a vote of 11 in favor, 2 opposed, and 0 abstentions.

REPORT FROM THE WORKING GROUP ON DATA MANAGEMENT:

Dr. Walters called on Dr. Leventhal to report on the Working Group on Data
Management. Dr. Leventhal noted that the Points to Consider--Reporting Requirements

would be a good starting point for being the discussion on data management. She read

the following sections of the document:

TV-A - Serious adverse effects of treatment should be reported immediately to

both the Institutional Review Board (IRB) and the NIH Office for Protection

from Research Risks (OPRR), and the written report should be filed with both

groups. A copy of the report should be forwarded to the Office of Recombinant
DNA Activities (ORDA).

'TV-B - Reports regarding the general progress of patients should be filed with

both your local IRB and ORDA within 6 months of the commencement of the

experiment and at six-month intervals thereafter. These twice yearly reports

should continue for a sufficient period of time to allow observation of all major

effects. In the event of a patient's death, a summary of the special post mortem
should be submitted to the IRB and ORDA, if available."

Ms. Meyers asked if the required reports have been submitted by principal investigators

who have received RAC and NIH approval to initiate human gene transfer/therapy

trials. Dr. Anderson responded that he has provided verbal six-month reports to the

HGTS regarding the status of his ADA protocol; he has not yet provided postmortem

reports. Dr. Anderson stated that he would provide postmortems as soon as they are

available.

Dr. Leventhal said that the time has come for the HGTS to establish a procedure for

ensuring that pertinent information regarding the status of approved protocols is

obtained. The Working Group on Data Management met and devised a draft reporting

form that could be distributed to investigators. The working group suggests that the

reporting forms should be submitted yearly beginning on the date that the protocol was

approved by the NIH Director.
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Dr. Leventhal summarized the draft reporting requirements form. The first section

requires the investigator to state the dates that the various approvals were obtained. In

this manner, the HGTS will be able to monitor trouble areas. For example, if an

investigator applies for FDA and RAC approval simultaneously, useful information will

be obtained about where the delays occur in the protocol approval process. If a protocol

is changed at the last phase of the approval process, i.e., the FDA, it is necessary that

the investigator report any changes that have been made in the original protocol to the

RAC. Mr. Capron noted that the reporting form as it reads currently would be useful to

distribute to investigators one year after initial approval; however, it is not entirely clear

that it would be appropriate for the following years. He suggested that the current form

should be separated into 2 forms: 1 to be completed initially, and the other to be

completed annually. Dr. Leventhal agreed that the 2 forms would be an acceptable

alternative.

Dr. Parkman said that he had a number of concerns regarding the draft reporting form.

This form is complicated. In general, the simpler the form is, the higher the compliance

rate. The investigators have already received approval for their protocols; if the form is

too complex, most will choose not to complete it, knowing that there will be no course of

action that the RAC can adopt to deal with noncompliance. He inquired how the RAC
will analyze the data if the information is submitted by investigators.

Dr. Parkman explained that it would not be useful for the RAC to receive numerous
copies of documents because there would not be enough time for the members to review

the data. An alternative is for the investigator to respond in the form of a cover letter.

This letter would specifically describe the changes between the original protocol and the

final approved protocol. Dr. Anderson said that these changes would be an important

issue for investigators to address. To date, almost every protocol approved by the HGTS
has changed significantly by the time it has proceeded through the entire review process.

These changes need to be specifically stated.

Dr. Leventhal discussed the section of the reporting form that addresses the measure of

gene transfer success in vitro. Have transduction rates proven to be as expected? Are

the transduction procedures reproducible? Dr. Parkman suggested that a more effective

approach to obtaining information is to be more direct. Ask specific questions rather

than leaving the opportunity for an open-ended response by the investigator. Dr.

Erickson stated that the form should address what material the investigators are

administering via what route and whether the protocol is different from what was

originally proposed. Dr. Parkman said that the goal of the form should be to obtain

information about whether the outcome of the protocol is the same as predicted; if

different, how is the outcome different?

Dr. Leventhal said she was concerned that merely receiving the final version of the

clinical protocol was not going to provide full information about the procedures that

were in place. Although many investigators adhere strictly to every detail of a protocol,
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there is a subset of investigators who incorporate minor changes as the trial continues.

Any changes that have occurred since the final approval of the protocol can only be

noted if the investigator has submitted a formal amendment to the protocol. Dr. Wivel

reported that one investigator has already requested a change in an approved protocol in

the form of a minor amendment. This amendment was actually reviewed and approved

by the HGTS. A second minor amendment is pending HGTS review.

Dr. Miller asked for clarification regarding the question, "What in vitro evidence is there

for the efficiency of genetic manipulation?" Dr. Leventhal responded that this question

addresses the efficiency of gene transfer in the material that is going to be administered.

Perhaps the questions should be shortened. Dr. Parkman agreed with Dr. Leventhal and

stated that if investigators answered every question on the reporting form as it appears

now, too much paperwork would be submitted and the questions would not be addressed

specifically and concisely, particularly if the HGTS requires the investigator to complete

this form for every patient who is treated.

Dr. Miller said that it will be important that investigators understand that it will not be

sufficient for them to respond that their transduction efficiency met their expectations.

Actual data should be submitted regarding the percent transduction. Dr. Neiman stated

that the question regarding quality control measures is too broad and should be

reworded.

Dr. Neiman said that another important issue is: Who will be responsible for monitoring

these reports. The original primary reviewers? It is important that the person examining

the data have knowledge of the protocol. Dr. Leventhal stated that it is important that

the reviewers have access to data regarding adverse reactions. Dr. Miller inquired as to

whether the HGTS has a mechanism for addressing adverse reactions. Will investigators

be allowed to continue with their protocols? Can the RAC withdraw its approval? Ms.

Meyers stated there is currently no mechanism to deal with this issue. Dr. Wivel

explained that in the broadest sense adverse reactions could be considered a violation.

The RAC would have to evaluate a particular incident and decide whether it requires

further investigation. The machinery is in place, and it would be a judgement call for

the primary reviewers in concert with the RAC to suggest the appropriate action.

Ms. Meyers stated that there is currently a database and registry for patients undergoing

gene therapy. Are RAC approved investigators reporting to this registry? Will the

information gathered from this proposed report form duplicate data that already exists?

Dr. Anderson said that the registry has been proposed by Dr. Fred Ledley; however, it

has not been started because Dr. Ledley is still trying to secure funding. Ms. Meyers

asked if there was an official patient registry. Dr. Anderson answered that no official

registry exists. Ms. Meyers asked: If the registry is funded at a future date, will

investigators be required to report to the RAC as well as the registry. Dr. Leventhal

stated said that Ms. Meyers had identified an important problem. It is unfair to require

investigators to submit multiple reports of the same data. The question is: Who will be
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responsible for collecting this information? Dr. Leventhal suggested that the HGTS
returned to a discussion of the draft reporting form.

Dr. Leventhal suggested that the section regarding in vivo gene transfer success could be
reworded to say, "Has there been any evidence of activity of the transferred gene? How
does this compare with the anticipated outcome?" Dr. Parkman explained that there are

two categories of outcome, positive effects and negative effects. This section should

specify that information is required about the positive results as well as any adverse

consequences. Dr. Erickson agreed that he would like to separate this section into

positive and negative effects. In addition, investigators must provide an expanded

explanation of their answer, not just a yes or no answer.

Dr. Parkman said that the HGTS can argue whether any or all of this information is

pertinent. However, the point is: Will investigators actually comply with this request?

Dr. Erickson noted that the Points to Consider states that reports should be submitted

every six months and suggested that the draft reporting form be developed as a set of

guidelines that investigators can follow in their semi-annual reports. Dr. Leventhal

stated that perhaps the question relating to effects on other genes should be omitted

since this question is already addressed as part of the Points to Consider. Dr. Parkman
noted that such an effect would be considered a deleterious effect of the therapy and

should be specifically addressed. Dr. Neiman stated that this question should yield an

informative response and should remain as part of the reporting form. Dr. Mclvor asked

for clarification of the question, "Is there evidence of deterioration of disease state in

relation to therapy?" Does this address the scenario that the patient's condition has

improved? Dr. Leventhal replied that this question only addressed the patient's status if

there is disease progression, not improvement. Dr. Mclvor suggested that a specific

question be incorporated regarding improvement in the patient's status as a result of the

therapy.

Dr. Leventhal discussed the patient accrual section. Have the investigators been able to

treat the number of patients that they originally proposed? Have patients been rejected?

On what basis? Are patient accrual goals being met in a timely fashion? If not, explain

why. Dr. Leventhal concluded, noting that the reporting form requires that the

investigators submit publications that have resulted from their studies. Dr. Walters

thanked Dr. Leventhal's working group for creating the draft form as a starting point for

discussions on data management.

Dr. Leventhal asked the member# of the HGTS if the form should be approved and

forwarded to the RAC. By what mechanisms can this form be distributed and enforced?

Dr. Wivel stated that the RAC should review the form and vote on whether it should be

recommended for approval to the Director of NIH. Dr. Leventhal suggested that the

reporting form should be on the agenda for the February 1992 RAC meeting. Dr. Wivel

agreed to add the revised version of the Working Group on Data Management's report

onto the next RAC agenda.
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Dr. Leventhal said that the HGTS still needs to discuss the mechanics of how the

incoming data will be reviewed; confidentiality is an issue that needs to be addressed.

Patient confidentiality should obviously be preserved. In addition, to what degree

unpublished data should be kept confidential. Reporting should not interfere with

publication of the data. If data were presented more along the lines of an abstract for a

meeting, then nothing should preclude publication of research results in a peer-reviewed

journal.

Dr. Walters suggested that the HGTS make a formal motion to recommend the revised

reporting requirements form to the RAC.

Subcommittee Motion

A motion was made by Ms. Meyers and seconded by Dr. Mclvor that the HGTS
recommend adoption of the reporting requirements document submitted by the Working
Group on Data Management, having incorporating the HGTS members' suggested

changes. The motion passed by a vote of 9 in favor, 0 opposed, and no abstentions. Dr.

Walters suggested that a question should be added to the reporting form which says,

"Have you reported any adverse reactions?" Dr. Walters added that this would be an

appropriate question to include since the question appears in the Points to Consider.

Dr. Leventhal stated that although the Points to Consider requires data reporting every

six months, yearly reporting is probably enough since patient accrual from gene therapy

has been relatively slow. This reporting period is completely in line with how the IRBs
function. If an investigator fails to renew a protocol with a yearly update, the protocol

expires. Dr. Neiman said that if an investigator is required to file a report with his/her

IRB once a year, then perhaps a copy of that report should be forwarded to the RAC in

place of the reporting form that has been submitted by the Working Group on Data

Management. Dr. Erickson noted that the IRB probably does not require the

investigators to answer as many questions as the reporting requirements form. Dr.

Neiman suggested that the HGTS should inform the local IRBs of the NIH reporting

requirements if approved by the RAC, so that the efforts of both groups might be more
closely coordinated.

FUTURE DISCUSSION ITEMS

Dr. Walters noted that in response to earlier discussions, Dr. Zallen and Ms. Meyers

have submitted a statement regarding the establishment of uniform standards for

payment of medically related costs for injuries arising out of non-therapeutic biomedical

research. Dr. Walters suggested that this statement should be included as an agenda

item for discussion at the next HGTS meeting. Since this issue was not placed on the

agenda for discussion at today's meeting, it would be appropriate that it be placed on the
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HGTS agenda. Adding the issue to the next meeting will allow for public comment on
the topic because it will be announced in the Federal Register prior to the next meeting.

Dr. Anderson suggested that Dr. Charles McCarthy in the Office of Protection from

Research Risks be invited to provide background on this issue.

XII. ADJOURNMENT

Dr. Walters asked for a motion to adjourn the meeting. A motion was made by Dr.

Neiman and seconded by Dr. Leventhal. The meeting was adjourned on November 22,

1991, at 4:29 p.m..

Executive Secretary

I hereby acknowledge that, to the best of my
knowledge, the foregoing Minutes and

Attachment are accurate and complete.

Chair, Human Gene Therapy Subcommittee

National Institutes of Health
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DEPARTMENT OF HEALTH AND
HUMAN SCRYICES .

|

National Institutes of Health

Recombinant DNA Research; Action

j

Under the Guidelines

agency: National Institutes of Health,

PHS. DHHS.

action: Notice of action under the NIH
. Guidelines for Research Involving

Recombinant DNA Molecules.

summary: This notice sets forth an
action to be taken by the Director,

|

National Institutes of Health (NIH),

under the May 7, 1986, NIH Guidelines
for Research Involving Recombinant
DNA Molecules (51 FR 16958).

EFFECTIVE DATE: November 21. 1991.

FOR FURTHER INFORMATION CONTACT:
I

Additional information can be obtained
from Dr. Nelson A. Wivel, Director,
Office of Recombinant DNA Activities,

Office of Science Policy and Legislation.

National Institutes of Health, building
31, room 4B11, Bethesda, Maryland
20392, (301) 496-9838.

SUPPLEMENTARY INFORMATION: Today
an action is being promulgated under
the NIH Guidelines for Research
Involving Recombinant DNA Molecules.
This proposed action was published for

comment in the Federal Register of
September 3. 1991 (56 FR 43686), and
reviewed and recommended for
approval by the NIH Recombinant DNA
Advisory Committee (RAC) on October
7.1991.

I. Background Information and Decision
on Action Under the NIH Guidelines

A. Addition ofAppendix D-XXII to the
NIH Guidelines

In a letter dated June 7, 1991, Dr.

James M. Wilson of the University of
Michigan Medical Center indicated his
intention to submit a human gene
therapy protocol to the Human Gene
Therapy Subcommittee and the
Recombinant DNA Advisory Committee
'or formal review and approval. The title

of this protocol is: “Gene Therapy of
Familial Hypercholesterolemia."

This request was published for

comment in the Federal Register on July
2. 1991, (56 FR 30398).

The protocol was reviewed during the
Human Gene Therapy Subcommittee
meeting on July 29-30, 1991. Provisional
approval was granted with the following
stipulations. It was requested that the

Principal Investigator provide additional

data about the quality control of the

vector system and the characteristics of
the packaging cell line. In addition, the

consent form is to be reviewed following

several requested changes.

The Human'Gene Therapy
Subcommittee forwarded the protocol to

the Recombinant DNA Advisory
Committee for consideration during the

October 7-8, 1991, meeting.

This request was published for

comment in the Federal Register on
September 3, 1991 (56 FR 43686).

During the meeting on October 7-8,

1991, the Recombinant DNA A.dvisory

Committee met to review the protocol

and recommendations from the

subcommittee. Following the discussion,

the Recombinant DNA Advisory
Committee by a vote of 16 in favor, 0
opposed, and 1 abstention, approved the

protocol with the following section to be
added to appendix D:

“Appendix D-XXII." --

,

Dr. James M. Wilson of the University

of Michigan Medical Center can conduct
a set of experiments on three patients

with the homozygous form of familial

hypercholesterolemia, using ex vivo

gene therapy. This approach will

attempt to correct the defective function

within the patient’s liver cells by adding
the gene that codes for the normal
receptor for low density lipoprotein

(LDL). The patient population to be
treated will include persons with
symptomatic coronary artery disease

who have a relatively poor prognosis,

but who can tolerate a noncardiac
surgical procedure with acceptable

risks. Both children and adults will be
eligible for this therapy. Patients will be
evaluated over a six week period to

determine their eligibility in the study

and to establish metabolic baselines.

The proposed therapy will be an adjunct

to the more traditional therapies such as

plasma exchange and drugs, which will

be reinstituted six weeks after gene
therapy. Eligible patients will be
admitted to the hospital and subjected

to a two step procedure in which a

portion of liver is removed on day 0 and
in which hepatocytes are isolated and
plated in culture.

Recombinant retroviruses will be used

to transduce a normal LDL receptor gene
into the cultured hepatocytes: these

transduced hepatocytes will be
harvested on day three and infused into

the portal circulation of the patient

through an indwelling catheter. The
patients will be evaluated for

engraftment of gene-corrected

hepatocytes through a series of

metabolic studies. Three months after

gene therapy, a small amount of liver

tissue will be harvested by
percutaneous biopsy and analyzed for

the presence of recombinant derived
RNA and DNA to document the

presence of the gene coding for the

normal LDL receptor.

I accept this recommendation, and
appendix D-XXII of the NIH Guidelines

will be added accordingly.

II. Summary of Action

A. Addition ofAppendix D-XXll to the

“NIH Guidelines"

The following section is added to

appendix D:

“Appendix D-XXII."

Dr. James M. Wilson of the University

of Michigan Medical Center can conduct

experiments on three patients with the

homozygous form of familiar

hypercholesterolemia. Both children and
adults will be eligible for this therapy. In

an attempt to correct the basic genetic

defect in this disease, the gene coding

for the low density lipoprotein (LDL)

receptor will be introduced into liver

cells taken from the patient. The gene-

corrected hepatocytes will then be
infused into the portal circulation of the

patient through an indwelling catheter.

The patients will be evaluated for

engraftment of these treated

hepatocytes through a series of

metabolic studies; three months after

gene therapy, a liver biopsy will be
taken and analyzed for the presence of

recombinant derived RNA and DNA to

document the presence of the gene

coding for the normal LDL receptor.

OMB’s Mandatory Information

Requirements for Federal Assistance

Program Announcements (45 FR 39592)

requires a statement concerning the

official Government programs contained

in the Catalog of Federal Domestic
Assistance. Normally NIH lists in its

announcements the number and title of

affected individual programs for the

guidance of the public. Because the

guidance in this notice covers not only

virtually every NIH program but also

essentially every Federal research in

which DNA recombinant molecule

techniques could be used, it has been
determined to be no* cost effective or in

the public interest to attempt to list

these programs. Such a list would likely

require several additional pages. In
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addition. NIH could not be certain that

every Federal program would be

included as many Federal agencies, as

well as private organizations, both

national and international, have elected

to follow the NIH Guidelines. In lieu of

the individual program listing, NIH
invites readers to direct questions to the

information address above about
whether individual programs listed in

the Catalog of Federal Domestic
Assistance are affected.

Dated: November 14. 1991.

Bemadine Healy,

Director, National Institutes ofHealth.

|FR Doc. 91-28068 Filed 11-20-91: 8:45 am]

BILUHG CODE 4110-01-M

58801
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DEPARTMENT OF HEALTH AND
HUMAN SERVICES

National Institutes of Health

Recombinant DNA Advisory
Committee; Meeting

Pursuant to Public Law 92-463, notice

is hereby given of a meeting of the

Recombinant DNA Advisory Committee
on February 10-11, 1992. The meeting
will be held at the National Institutes of

Health (N1H). Building 31C, Conference
Room 10. 9000 Rockville Pike, Bethesda.

Maryland 20892, starting at

approximately 9 a.m. on February 10,

1992, to adjournment at approximately 5

p.m. on February 11. 1992. The meeting
will be open to the public to discuss the

following proposed actions under the

NIH Guidelines for Research Involving

Recombinant DNA Molecules (51 FR
16958):

Proposed Major Actions to the NIH
Guidelines;

Five additions to appendix D of the

NIH Guidelines Regarding Human Gene
Therapy/Gene Transfer Protocols:

An amendment to appendix D-XV of

the NIH Guidelines Regarding a Human
Gene Therapy Protocol;

Amend section IV-B and add sections

IV-C and IV-D to the Points to Consider
in the Design and Submission of

Protocols for the Transfer of

Recombinant DNA Into the Genome of

Human Subjects Regarding Reporting

Requirements for Human Gene
Transfer/Gene Therapy Protocols:

Amend sections IU-A and IV-C of the

NIH Guidelines regarding publishing

notice of meetings and proposed actions

in the Federal Register

Amend introduction, section IV-B and
V of the Points to Consider regarding

review by the Human Gene Therapy
Subcommittee;
Amend appendices B-I-B-l and B-I-

B-2 of the NIH Guidelines to include

only pathogenic genera and species of

the bacterial order, Actinomycetales, in

the current list of microorganisms;

Amend Appendices B-I-C-l and B-I-

B-l in the NIH Guidelines regarding

Mycobacterium avium;

Other Matters To Be Considered by
the Committee.
Attendance by the public will be

limited to space available. Members of

the public wishing to speak at this

meeting may be given such opportunity

at the discretion of the Chair. Dr. Nelson
A. Wivel, Director, Office of

Recombinant DNA Activities, National

Institutes of Health. Building 31, room
4B11, Bethesda, Maryland 20892, Phone
(301) 496-9838, FAX (301) 496-9839, will

provide materials to be discussed at this

meeting, roster of committee members,
and substantive program information. A
summary of the meeting will be
available at a later date.

OMB's “Mandatory Information

Requirements for Federal Assistance
Program Announcements" (45 FR 39592.

June 11, 1980) requires a statement
concerning the official government
programs contained in the Catalog of
Federal Domestic Assistance. Normally
NIH lists in its announcements the

number and title of affected individual

programs for the guidance of the public.

Because the guidance in this notice

covers not only virtually every NIH
program but also essentially every
Federal research program in which DNA
recombinant molecule techniques could
be used, it has been determined not to

be cost effective or in the public interest

to attempt to list these programs. Such a

list would likely require several

additional pages. In addition, NIH could
not be certain that every Federal
program would be included as many
Federal agencies, as well as private

organizations, both national and
international, have elected to follow the

NIH Guidelines. In lieu of the individual

program listing, NIH invites readers to

direct questions to the information

address above about whether individual

programs listed in the Catalog of Federal

Domestic Assistance are affected.

Dated: December 24, 1991.

Susan K. Feldman,

Committee Management Officer, NIH.

[FR Doc. 92-107 Filed 1-2-92; 8:45 am]

BILUNQ COOE 4140-01-M

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

Recombinant DNA Research:
Proposed Actions Under the

Guidelines

AGENCY: National Institutes of Health,

PHS, DHHS.
ACTION: Notice of proposed actions

under the NIH Guidelines for Research
Involving Recombinant DNA Molecules
(51 FR 16958).

summary: This notice sets forth

proposed actions to be taken under the

National Institutes of Health (NIH)
Guidelines for Research Involving

Recombinant DNA Molecules.

Interested parties are invited to submit
comments concerning these proposals.

These proposals will be considered by
the Recombinant DNA Advisory
Committee (RAC) at its meeting on
February 10-11, 1992. After

consideration of these proposals and
comments by the RAC, the Director of

the National Institutes of Health will

issue decisions in accordance with the

NIH Guidelines.

OATES: Comments received by January
28, 1992, will be reproduced and
distributed to the RAC for consideration

at its February 10-11, 1992, meeting.

ADDRESSES: Written comments and
recommendations should be submitted
to Dr. Nelson A. Wivel. Director, Office

of Recombinant DNA Activities,

Building 231, room 4B11, National

Institutes of Health, Bethesda. Maryland
20892. or sent by FAX to 301-^496-9839.

All comments received in timely

response to this notice will be
considered and will be available for

public inspection in the above office on
weekdays between the hours of 8:30

a.m. and 5 p.m.

FOR FURTHER INFORMATION CONTACT:
Background documentation and
additional information can be obtained

;

from the Office of Recombinant DNA
Activities, Building 31, room 4B11,

' National Institutes of Health, Bethesda,
Maryland 20892, (301) 496-9838.

SUPPLEMENTARY INFORMATION: The NIH
will consider the following actions

under the NIH Guidelines for Research
Involving Recombinant DNA Molecules:

I. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Therapy Protocol/Dr. Nabel

In a letter dated October 18, 1991, Dr.

Gary J. Nabel of the University of

Michigan Medical School. Ann Arbor,
Michigan, indicated his intention to

submit a human gene therapy protocol

to the Human Gene Therapy
Subcommittee and the Recombinant
DNA Advisory Committee for formal

review and approval. The title of this

protocol is:

“Immunotherapy of Malignancy by In

Vivo Gene Transfer into Tumors."

This request was published for

comment in the Federal Register on
November 4, 1991 (56 FR 56415).

The protocol was reviewed during the

Human Gene Therapy Subcommittee
meeting on November 21-22, 1991.

Provisional approval was given with the

following conditions: (i) Amend consent
form regarding possibility of

sensitization to the human antigen; (ii)

expand the clinical protocol regarding

the number of biopsies; (iii) make
available the nucleotide sequence |L

analysis of the total construct of the

vector; and (iv) provide clarification

concerning the status of DNA
integration in tumor cells.

The Human Gene Therapy
Subcommittee forwarded the protocol to

the Recombinant DNA Advisory

f
B
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Committee for consideration during the

February 10-11, 1992, meeting.

II. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Transfer Protocol/Dr. Cometta

In a letter dated October 10, 1931, Dr.

Kenneth Cornetta of Indiana University,

Indianapolis, Indiana, indicated his

intention to submit a human gene
transfer protocol to the Human Gene
Therapy Subcommittee and the

Recombinant DNA Advisory Committee
for formal review and approval. The title

of this protocol is:

“Retroviral-Medialed Gene Transfer

of Bone Marrow Cells During

Autologous Bone Marrow
Transplantation for Acute Leukemia."

This request was published for

comment in the Federal Register on
November 4, 1991 (56 FR 56415).

The protocol was reviewed during the

Human Gene Therapy Subcommittee
meeting on November 21-22, 1991.

Provisional approval was given with the

following conditions: (i) Amend the

consent form regarding the possible

benefit of the introduction of gene; (ii)

amend the consent form regarding

compensatioillo the patient related to

the research aspects of the protocol; (iii)

demonstrate that the transduced

leukemic cells will survive the freezing

process; and (iv) add a statistical

section that addresses the interpretation

of recurrent labeled bone marrow
specimens.

The Human Gene Therapy
Subcommittee forwarded the protocol to

the Recombinant DNA Advisory
Committee for consideration during the

February 10-11, 1992, meeting.

III. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Transfer Protocol /Dr. Economou

In a letter dated October 15, 1991, Dr.

fames S. Economou of the University of

California, Los Angeles, indicated his

intention to submit a human gene
transfer protocol to the Human Gene
Therapy Subcommittee and the

Recombinant DNA Advisory Committee
for formal review and approval. The title

of this protocol is:

“The Treatment of Patients with

Metastatic Melanoma and Renal Cell

Cancer Using In Vitro Expanded and
Genetically-Engineered (Neomycin
Phosphotransferase) Bulk, CD8( + ) and/
or CD4(+ ) Tumor Infiltrating

Lymphocytes and Bulk, CD8(+ ) and/or
CD4(+) Peripheral Blood Leukocytes in

Combination with Recombinant
Interleukin-2 Alone, or with
Recombinant Interleukin-2 and
Recombinant Alpha Interferon."

This request was published for

comment in the Federal Register on
November 4, 1991 (56 FR 56415).

The protocol was reviewed during the

Human Gene Therapy Subcommittee
meeting on November 21-22, 1991.

Provisional approval was given with the

following conditions: (i) All data

concerning vector safety and testing

must be submitted; (ii) patient eligibility

will be limited to those with at least one
lesion that can be biopsied post therapy;

(iii) add the schedule for the post

therapy assessment of cell trafficking;

(iv) develop a statistical section for

analysis of cell trafficking; (v) submit
proportionality experiments
demonstrating the limits of the ability to

quantitate differences in ratio of the two
vectors; (vi) submit data showing stable

integration of the genetic markers in

chronic cell cultures; (vii) modify the

consent form so that the language
concerning biopsies is moved from the

biomodulator section to the viral marker
section; and (viii) include a stopping rule

in the protocol if the in vivo trafficking

data is uninterpretable.

The Human Gene Therapy
Subcommittee forwarded the protocol to

the Recombinant DNA Advisory
Committee for consideration during the

February 10-11, 1992, meeting.

IV. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Therapy Protocol/Dr. Greenberg

In a letter dated October 8, 1991, Dr.

Philip D. Greenberg of the University of

Washington, Seattle, Washington,
indicated his intention to submit a

human gene therapy protocol to the

Human Gene Therapy Subcommittee
and the Recombinant DNA Advisory
Committee for formal review and
approval. The title of this protocol is:

"A Phase I/II Study of Cellular

Adoptive Immunotherapy Using
Genetically Modified CD8+ HIV-
Specific T Cells for HIV-Seropositive

Patients Undergoing Allogeneic Bone
Marrow Transplant."

This request was published for

comment in the Federal Register on
November 4, 1991 (56 FR 56415).

The protocol was reviewed during the

Human Gene Therapy Subcommittee
meeting on November 21-22, 1991.

Approval was given with the following

requested changes in the patient consent
form: (i) Reword language regarding

unforeseen problems; (ii) reword the

language concerning the costs

associated with the research aspects of

the protocol and billing to the patients;

(iii) clearly distinguish between the

therapy and the gene modification

portions of the protocol; (iv) use less

technical terminology throughout the

document; and (v) provide hard copies
of the helper-virus assay and vector
testing slides presented during the

subcommittee meeting.

The Human Gene Therapy
Subcommittee forwarded the protocol to

the Recombinant DNA Advisory
Committee for consideration during the

February 10-11, 1992, meeting.

V. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Therapy Protocol/Dr. Freeman

In a letter dated May 10, 1990, Dr.

Scott M. Freeman of the University of

Rochester School of Medicine,

Rochester, New York, indicated his

intention to submit a human gene
therapy protocol to the Human Gene
Therapy Subcommittee and the

Recombinant DNA Advisory Committee
for formal review and approval. The title

of this protocol is:

“Gene Transfer for the Treatment of

Cancer."

This request was published for

comment in the Federal Register on July

2, 1991 (56 FR 30398).

The protocol was reviewed during the

Human Gene Therapy Subcommittee
meeting on July 29-30, 1991. Provisional

approval was given with the stipulation

that the PA-1 ovarian cancer cell line be
tested for potential pathogens as per

FDA guidelines. Further, it was
requested that there should be more
preclinical studies on the MFG vector to

assure that it does not contain

replication competent retroviruses.

The Human Gene Therapy
Subcommittee forwarded the protocol to

the Recombinant DNA Advisory
Committee for consideration during the

October 7-8, 1991, meeting.

This request was published for

comment in the Federal Register on
September 3. 1991 (56 FR 43686).

The protocol was reviewed during the

Recombinant DNA Advisory Committee
meeting on October 7-6, 1991. The
Recombinant DNA Advisory Committee
passed a motion to defer approval of the

protocol by a vote of 19 in favor, 0
opposed, and no abstentions. The
protocol can be considered again when
the following requests have been met: (i)

Improvement of the animal model so

that it has some relevance to the

malignancy seen in patients; (ii)

examination of the animal model for the

tumor specificity of cytotoxic T
lymphocytes; (iii) demonstration of the

efficacy of this proposed treatment by
measuring the tumor burden in patients

and state whether this will be done by
laparoscopy or imaging techniques or
both; (iv) refinement of safety tests; and
(v) elimination of every reference to
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cancer vaccine in the patient consent
form.

VI. Amendment to Appendix D-XV of

the NIH Guidelines Regarding a Human
Gene Therapy Protocol/Drs. Blaese and
Anderson

In a letter dated December 20, 1991,

Drs. R. Michael Blaese and W. French
Anderson of the National Institutes of

Health, Bethesda, Maryland, requested

an action item concerning a major
amendment to the protocol entitled,

"Treatment of Severe Combined
Immunodeficiency Disease (SCID) due
to Adenosine Deaminase (ADA)
Deficiency with Autologous
Lymphocytes Transduced with a Human
ADA Gene."
This protocol was originally approved

by the Recombinant DNA Advisory
Committee at its meeting on July 31.

1990. and approved by the Director, NIH
(September 12, 1990, 55 FR 37565).

The requested amendment would use
as a supplemental therapy CD-34+ cells

(the peripheral blood stem cell fraction)

transduced with the gene coding for

adenosine deaminase.

VII. Amending Section IV-B and Adding
Sections IV-C and IV-*D to the Points to

Consider in the Design and Submission
of Protocols for the Transfer of

Recombinant DNA into the Genome of

Human Subjects Regarding Reporting
Requirements for Human Gene
Transfer/Gene Therapy Protocols

At the Human Gene Therapy
Subcommittee meeting on July 30-31.

1991. the subcommittee formed a

Working Group on Data Management.
The working group was charged with
developing a system for analyzing

approved protocol results for the

purpose of ensuring quality control in

the approval process and to devise a

follow-up procedure for analyzing
already approved protocols. During the

Human Gene Therapy Subcommittee
meeting on November 21-22, 1991, a

proposed reporting document was
developed by the working group and
submitted for review that would become
Sections IV-C and IV-D of the Points to

Consider.

Sections IV-C and IV-D of the Points

to Consider will be an expansion of the

Reporting Requirement section. It

includes the requirements for the

investigators to provide a detailed

follow-up of approved human gene
therapy/gene transfer protocols.

The Human Gene Therapy
Subcommittee suggested minor changes
to this section. The Recombinant DNA
Advisory Committee will receive the

following modified version of this

proposed section from the Human Gene

Therapy Subcommittee at the meeting of

February 10-11, 1992. Section IV,

Reporting Requirements, of the Points to

Consider will be amended in Section

IV-B. and two new sections. IV-C and
IV-D, will be added.
Section IV-B of the Points to Consider

currently reads:

“Section IV-B. Reports regarding the

general progress of patients should be
filed with both your local IRB and
ORDA within 6 months of the

commencement of the experiment and at

six-month intervals thereafter. These
twice yearly reports should continue for

a sufficient period of time to allow

observation of all major effects. In the

event of a patient’s death, a summary of

the special post mortem studies and
statement of the cause of death should
be submitted to die IRB and ORDA, if

available.”

Reporting requirements will be more
clearly defined in the new Sections IV-C
and IV-D of the Points to Consider
below. Therefore, Section IV-B will now
read:

“Section IV-B. Reports regarding the

general progress of patients should be
filed with both your local IRB and
ORDA. ORDA requests the first report

after one year of the commencement of

the experiment (See Section IV-C). and
at yearly intervals thereafter (See

Sections IV-D). These reports should

continue for a sufficient period of time

to allow observation of all major effects.

In the event of a patient’s death, a

summary of the special post mortem
studies and statement of the cause of

death should be submitted to the IRB
and ORDA. if available."

Two new sections, IV-C and IV-D
will be added to the Points to Consider.

The proposed sections read as follows:

"Section IV-C. Reporting Form "A".

This information is being collected from
each gene transfer protocol approved by
the RAC that involves human subjects.

The information on this form will be
requested only with the first report.

“Section IV-C-1. General Information.

“Section IV-C-l-a. Indicate the: (1)

Name of principal investigator, (ii) name
of study, and (iii) date of report.

‘Section IV-C-l-b. What is the

current status of the study (i.e., is it open
or closed)? If closed, include: (i) Date
protocol closed; (ii) describe reason for

closure; and (iii) submit summary.
“Section IV-C-2. Approval Process of

Protocol.

“Section IV-C-2-a. Supply a copy of

the latest version of the protocol

including copies of sample case report

forms or any other data collection forms
that are being employed as part of this

study.

"Section IV-C-2-b. Indicate the dates
of the following approvals: Institutional

Review Board, Institutional Biosafety

Committee, Human Gene Therapy
Subcommittee, Recombinant DNA
Advisory Committee, and Food and
Drug Administration.

"Section IV-C-2-b-(l). Note major
changes suggested by each committee
and the responses to those suggestions.

“Section IV-C-2-c. Have there been
any amendments to the protocol?

“Section IV-C-2-d. Describe your
proposed standard quality control

measures.

“Section IV-D. Reporting Form "B".

An annual update of the following

information will be required. Each
question may not be applicable to each
protocol.

“Section IV-D-1. General Information.

“Section IV-D-l-a. Indicate the: (i)

Name of principal investigator, (ii) name
of study, and (iii) date of report.

"Section IV-D-l-b. What is the

current status of the study (i.e., is it open
or closed)? If closed, include: (i) Date
protocol closed: (ii) describe reason for

closure; and (iii) submit summary.
“Section IV-D-l-c. Have there been

any amendments to the protocol? If so.

indicate the dates of the following

approvals: Institutional Review Board
(IRB) and Office of Recombinant DNA
Activities (ORDA).

“Section IV-D-l-d. Have there been
any adverse reactions reported? If so,

describe. What dates were they reported

to the IRB and ORDA?
“Section IV-D-2. Measurements of

Gene Transfer Success In Vitro.

I

i

i
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;

i

I

I
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"Section IV-D-2-a. Describe what you S

are doing currently and how this

compares with what you proposed.

"Section IV-D-2-b. What material are

you administering to the patients via

what route? is this different from what
you proposed?

“Section IV-D-2-c. What in vitro

evidence is there for the efficacy of the

genetic manipulation prior to

administration of the material, i.e., the

efficiency of gene transfer and the

manufacture of the desired product?

How do your results compare with

anticipated results?

"Section IV-D-2-d. Have there been
any unexpected results of the ongoing
quality control measures? In particular,

has there been any incidence of

replication competent virus or vector

rearrangement? Are these tests

performed for each lot of materials
,

administered?

“Section IV-D-2-e. Are there

problems that have occurred that you
did not anticipate prior to starting the
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protocol? What are these? Have they

'| resulted in a change in your procedures?

“Section IV-D-3. Measure of Gene
Transfer Success In Vivo.

"Section IV-D-3 -a. Positive effects.

'Section IV-D-3-a-(l). In the patients

treated, has there been any evidence of

activity of the transferred gene? what is

j

the documentation for this? How does

this compare with what you anticipated?

“Section IV-D-3-a-(2). Has the

patients’ condition improved?

“Section IV-D-3-a-{3). Is there

significant variation between patients. If

so. how is this explained?

“Section IV-D-3-b. Negative effects.

“Section IV-D-3-b-{l). Is there any
evidence of adventitial spread of

I transduced material? Was any tumor/

normal tissue obtained after transduced

material was administered? Was a post

mortem obtained? Was there any sign of

gonadal transfer of genetic material? By
what criteria?

I

“Section IV-D-3-b-{2). Is there any
evidence of generation of replication

I

competent virus related to gene transfer

procedure in patients?

“Section IV-D-3-b-(3). What toxicity

was seen? Local, at injection site,

systemic, any evidence of allergy/

hypersensitivity/autoimmunity to the

administered products?

"Section IV-D-3-b-(4). Is there

evidence of deterioration of the disease

state in relation to therapy?

“Section IV-D-3-b-(5). Is there any
evidence of effects on other genes?

“Section IV-D-3-b-{6). Are there

problems that have occurred that you
did not anticipate prior to starting the

protocol? What are these? Have they
resulted in a change in your procedures?

“Section IV-D-4. Patient Accrual
Data.

“Section IV-D-4-a. How many
i

patients were considered for entry on

[

study?

“Section IV-D-4-b. For those who
were rejected, what were the reasons?

“Section IV-D-4-b-(l). Unavailability

of tissue for transduction?

"Section !V-D-$r-b-(2). Lack of ability

to transduce tissue?

“Section IV-D-4-b-{3). W7as that

transduced tissue unable to be used? If

not, give reason.

"Section IV-EM-b-{4). Patient/

physician refusal to participate?

“Section IV-D-4-b-{5). Other reasons
not accepted in protocol?

“Section IV-D-4-c. How many
patients were actually entered?

“Section IV-D-4-c-{l). Upon review,
were all these patients eligible? If not.

give reasons why not.

“Section IV-DMb-d. Provide a coded
list of patients on study along with their

on-study dates, off-study dates, and
reason for being taken off study.

“Section IV-D-4-e. Are your patient

accrual goals being met in a timely

fashion? If not, why not.

"Section IV-D-5. Have any
publications {abstracts or articles)

resulted from this work? If so, provide

reprints.

VIII. Amend Introduction, Section IV-B
and V of the Points to Consider
Regarding Review by the Human Gene
Therapy Subcommittee; Amend Sections

III-A and IV-C of the NIH Guidelines

Regarding Publishing Notice of Meetings

and Proposed Actions in the Federal

Register

A.t the Human Gene Therapy
Subcommittee meeting on July 30-31.

1991. the subcommittee requested that

the Working Group on the Future Role of

the Recombinant DNA Advisory
Committee prepare a report about the

feasibility of merging the Human Gene
Therapy Subcommittee and the

Recombinant DNA Advisory Committee.
This request was published for

comment in the Federal Register on
November 4. 1991 {56 FR 56415).

The Human Gene Therapy
Subcommittee received a report from
this working group during its meeting on
November 21-22, 1991 which
recommended that; (i) All eligible

Human Gene Therapy Subcommittee
members be added to the Recombinant
DNA Advisory Committee as full voting

members; or (ii) all of the Human Gene
Therapy Subcommittee members be
added to the Recombinant DNA
Advisory Committee as non-voting

members; or (iii) joint meetings would

be held in which the subcommittee
w’ould vote on the proposed action first

followed by the full Recombinant DNA
Advisory Committee.

During the meeting, the following

motion passed by a vote of 11 in favor. 2

opposed, and no abstentions:

“We move to recommend to the

Recombinant DNA Advisory Committee,

that its subcommittee, the Human Gene
Therapy Subcommittee, be merged into

the parent committee. The number of

meetings per year of the Recombinant
DNA Advisory Committee would
increase to four per year. There would

be a transition period of one year in

which the Recombinant DNA Advisory

Committee would begin to review

proposed actions as the sole review

group with the following provisions: (i)

The Human Gene Therapy
Subcommittee would codify a set of

guidelines for shortening the review

process, and (ii) the eligible members of

the Human Gene Therapy Subcommittee

would be brought onto the Recombinant

DNA Advisory Committee as full voting
members in keeping with the nomination
process for Federal Advisory
Committees."

The Human Gene Therapy
Subcommittee forwarded the proposal
to the Recombinant DNA Advisory
Committee for consideration during the

February 10-11. 1992. meeting.

In a letter dated December 23. 1991.

Dr. Nelson Wivel, Director, Office of

Recombinant DNA Activities. National
Institutes of Health, Bethesda,
Maryland, is making a request to enable
the above transition to proceed more
efficiently. His letter states:

“* * * the Office of Recombinant
DNA Activities (ORDA) is requesting

that the following amendments be made
to: (i) Sections III-A, IV-C-l-b-(l), IV-
C-2, IV-C-3-b-{l), and IV-C-3-b-{2) to

have the 30 day notice for Notice of

Meeting and Proposed Actions be
changed to a 15 day notice; and (ii) the

Points to Consider in the Design and
Submission ofProtocols for the Transfer

ofRecombinant DNA into the Genome
ofHuman Subjects in the sections of

Introduction, IV-B, V. and the NIH
Guidelines. Appendix D-XV, to have the

Human Gene Therapy Subcommittee
reviewing the human gene protocols

changed to the Recombinant DNA
Advisory Committee.

“ORDA is proposing that if the RAC
votes to approve the recommendation to

merge the HGTS with the parent
committee and to increase the number
of meetings per year, that the following

changes must be made to amend the

National Institutes ofHealth (NIH)
Guidelines for Research Involving

Recombinant DNA Molecules:
“I. Notice of Meeting and Proposed

Actions.

"The NIH Guidelines states that a 30

day Notice of Meeting and Notice of

Proposed Action be published in the

Federal Register for public comment.
Under the Federal Advisory Committee
Act, only a 15 day notice is required.

The recommendation being forwarded
by the HGTS tc the RAC for approval
would require an increase in the number
of meetings per year. To more efficiently

process the required paperwork prior to

each meeting, the 30 day notice needs to

be changed to a 15 day notice. It is

proposed that the following changes be
made:

’Section III-A. Experiments that

Require RAC Review and NIH and IBC
Approval Before Initiations.

’Experiments in this category cannot
be initiated without submission of

relevant information on the proposed
experiment to NIH, the publication of
the Proposal in the Federal Register for
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fifteen days of comment, review by the

RAC, and specific approval by N1H.
‘Section IV-C-l-b-(l). Major Actions.

To execute major actions the Director,

NIH, must seek the advice of the RAC
and provide an opportunity for public

and Federal agency comment.
Specifically, the agenda of the RAC
meeting citing the major actions will be
published in the Federal Register at

least 15 days before the meeting, and the

Director, NIH, will also publish the

proposed action the Federal Register for

comment at least 15 days before the

meeting. In addition, the Director’s

proposed decision, at his/her discretion,

may be published in the Federal Register

for 15 days of comment before final

action is taken.

‘Section 1V-C-2. Recombinant DNA
Advisory Committee. * * * All meetings

of the RAC will be announced in the

Federal Register, including tentative

agenda items, 15 days in advance of the

meeting with final agendas (if modified)

available at least 72 hours before the

meeting.

‘Section IV—C—3—b—(1).

Announcements of RAC meetings and
agendas at least 15 days in advance;

‘Section IV-C-3-b-(2). Proposed
major actions of the type falling under
Section IV-C-l-b-(l) at least 15 days

prior to the RAC meeting at which they

will be considered; and * * *’

“II. Review of Human Gene Therapy/
Transfer Protocols.

“The Points to Consider in the Design

and Submission ofProtocols for the

Transfer ofRecombinant DNA into the

Genome ofHuman Subjects document
(Federal Register of March 1, 19S0) and
the NIH Guidelines need to be amended
to reflect exclusive review of protocols

by the Recombinant DNA Advisory

Committee. The Points to Consider will

be amended as follows:

‘Introduction. RAC consideration of

each proposal will be on a case-by-case

basis and will follow publication of a

precis of the proposal in the Federal

Register, and an opportunity for public

comment.
‘Section IV-B. If the change has been

approved by the relevant IR8, and IBC,

then the Chair of the Recombinant DNA
Advisory' Committee may give approval.

It is expected that the Chairs will

consult with one or more members of

the committee, as necessary.

‘Section V. Minor Modifications. A
minor change in protocol approved by
the Recombinant DNA Advisory

Committee is a change that does not

significantly alter the basic design of a

protocol and that does not increase risk

to the subjects.'
”

IX. Amend Appendices B-I-8-1 and B-
I-B-2 of the NIH Guidelines regarding

the Bacterial Order, Actinomycetales

In a written request dated April 15,

1991, Dr. Diane O Fleming of Merck &
Co., Inc., Somerset, New Jersey,

requested that only pathogenic genera
and species of the bacterial order,

Actinomycetales , be included in

Appendix B-I-B-l of the NIH
Guidelines.

It was proposed that the following

pathogens be included in the list of

Bacterial Agents in appendix B-I-B-l of

the NIH Guidelines as follows:

Actinomadwa madurae
Actinomadura pelletieri

Actinomyces bovis
Actinomyces israelii

Nocardia asteroides

Nocardia brasiliensis

In appendix B-I-B-2, the entry under
Actinomycetes would be deleted.

This request was reviewed at the

Recombinant DNA Advisory Committee
meeting on May 30-31, 1991. Following a

discussion there was agreement that the

Actinomyces should be reclassified as

bacteria and removed from the list of

fungi. However, there was disagreement
about the number of species to be listed

as pathogens. The number was thought

to be considerably larger than the six

species proposed for inclusion. Dr.

Fleming was asked to consult with

leading experts in the field and return

with a revised list of pathogens, to be
reviewed at the Recombinant DNA
Advisory Committee meeting on
October 7-8, 1991.

This request was published for

comment in the Federal Register on
September 3, 1991 (56 FR 43686).

During the October 7-8, 1991,

Recombinant DNA Advisory Committee
meeting, a motion was passed by a vote

of 19 in favor, 0 opposed, and no
abstentions to create an ad hoc working
group within the Recombinant DNA
Advisory Committee with outside

consultants to provide an amended list

of pathogens.

X. Amend Appendices B-I-C-l and B-I-
B-l in the NIH Guidelines regarding

Mycobacterium avium

In a letter dated December 18, 1991,

Dr. William R. Jacobs, Jr., of the Albert
Einstein College of Medicine, Bronx,
New York, requested lowering the

classification of Mycobacterium avium
from a Class III bacterial agent to a

Class II bacterial agent. M. avium would
move from appendix B-I-C-l to

appendix B-I-B-l in the NIH
Guidelines.

XI. Other Matters To Be Considered by
the Committee

Attendance by the public will be
limited to space available. Members of

the public wishing to speak at this

meeting may be given such opportunity

at the discretion of the Chair.

Dr. Nelson A. Wivel, Director, Office

of Recombinant DNA Activities,

National Institutes of Health, Building

31, room 4B11, Bethesda, Maryland
20892, Phone (301) 496-9838, FAX (301)

496-9839, will provide materials to be
discussed at this meeting, a roster of

committee members, and substantive

program information. A summary of the

meeting will be available at a later date.

OMB'a “Mandatory Information

Requirements for Federal Assistance

Program Announcements" (45 FR 39592,

June 11, 1980) requires a statement

concerning the official government
programs contained in the Catalog of
Federal Domestic Assistance. Normally
NIH lists in its announcements the

number and title of affected individual

programs for the guidance of the public.

Because the guidance in this notice

covers not only virtually every NIH
program but also essentially every

Federal research program in which DNA
recombinant molecule techniques could

be used, it has been determined not to

be cost effective or in the public interest

to attempt to list these programs. Such a

list would likely require several

additional pages. In addition, NIH could

not be certain that every Federal

program would be included as many
Federal agencies, as well as private

organizations, both national and
international, have elected to follow the

NIH Guidelines. In lieu of the individual

program listing, NIH invites readers to

direct questions to the information

address above about whether individual

programs listed in the Catalog of
Federal Domestic Assistance are

affected.

Dated: December 24, 1991.

Jay Moskowitz,

Associate Directorfor Science Policy and
Legislation. NIH.

(FR Doc. 92-108 Filed 1-2-92: 8:45 am]

BILLING COOE 414O-01-M
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Recombinant DNA Research: Action
Under the Guidelines

AGENCY: National Institutes of Health.

PHS. DHHS.

ACTION: Notice of Action Under the NIH
Guidelines for Research Involving

Recombinant DNA Molecules.

summary: This notice sets forth an
action to be taken by the Director.

National Institutes of Health (NIH).

under the May 7, 1986. NIH Guidelines

for Research Involving Recombinant
DNA Molecules (51 FR 16958).

FOR FURTHER INFORMATION CONTACT
Additional information can be obtained

from Dr. Nelson A. Wivel. Director.

Office of Recombinant DNA Activities,

Office of Science Policy and Legislation.

National Institutes of Health. Building

31. room 4B11. Bethesda. Maryland
20892. (301) 496-9838.

Recombinant DNA Research, Volume 15
[307]



3212 Federal Register / Vol. 57, No. 18 / Tuesday, January 28, 1992 / Notices

SUPPLEMENTARY INFORMATION: Today
an action is being promulgated under
the N1H Guidelines for Research
Involving Recombinant DNA Molecules.

This proposed action was published for

comment in the Federal Register of April

29, 1991 (56 .FR 19776), and reviewed and
recommended for approval by the NIH
Recombinant DNA Advisory Committee
(RAC) on May 30, 1991.

I. Background Information and Decision

on Action Under the NIH Guidelines

A. Addition ofAppendix D-XXIII to the

ATH Guidelines

In a letter dated September 13, 1990.

Dr. Michael T. Lotze of the University of

Pittsburgh School of Medicine,
Pittsburgh, Pennsylvania, indicated his

intention to submit a human gene
transfer protocol to the Human Gene
Therapy Subcommittee and the

Recombinant DNA Advisory Committee
for formal review and approval. The title

of this protocol is:

‘The Administration of Interleukin-2,

Interleukin-4, and Tumor Infiltrating

Lymphocytes to Patients with
Melanoma."

The protocol was reviewed during the

Human Gene Therapy Subcommittee
meeting on November 30, 1990, and
forwarded to the Recombinant DNA
Advisory Committee on February 4,

1991, for its approval. The Recombinant
DNA Advisory Committee deferred

approval and sent the protocol back to

the Human Gene Therapy Subcommittee
for further deliberations on April 5, 1991.

On April 5, 1991, the Human Gene
Therapy Subcommittee gave provisional

approval with the stipulation that more
information be provided about the

quantitative assays of gene-marked
tumor infiltrating lymphocytes. It was
suggested that the consent form
concerning the gene marking of tumor
infiltrating lymphocytes be separated
from the consent form regarding

interleukin-2 and interleukin-4.

Tthe Human Gene Therapy
Subcommittee forwarded the protocol to

the Recombinant DNA Advisory
Committee for consideration during the

May 30-31, 1991, meeting.

The request was published for consent
in the Federal Register on April 29, 1991

(56 FR 19776).

During the meeting on May 30-31,

1991. the Recombinant DNA Advisory
Committee met to review the protocol

and recommendations from the Human
Gene Therapy Subcommittee.
Two additional modifications were

made to the informed consent document.

One involved the addition of a clarifying

sentence concerning the minor risk of

infection associated with the biopsy of

subcutaneous tumor nodules. The
second involved the addition of a

sentence indicating that there was no
requirement for patients undergoing
interleukin therapy to take part in the

gene marking study. Following a

discussion of the data on the

quantitative aspects of polymerase
chain reaction (PCR), the Recombinant
DNA Advisory Committee, by a vote of

18 in favor, 0 opposed, and no
abstentions, approved the protocol

pending receipt of additional data

showing the detection of Neo-R-
transduced cells by PCR at a dilution of

1 in 10 s non-transduced cells. The
review of this additional data can be
conducted by the Office of Recombinant
DNA Activities (ORDA) staff and the

primary reviewer of the protocol.

On November 12. 1991, Dr. Lotze

submitted to ORDA the PCR data from
mixing experiments with Neo-R-
transduced cells. To satisfy the

Recombinant DNA Advisory
Committee's request, ORDA requested

additional experiments. On December
17 and December 27, 1991, additional

data were supplied.

Following consultation between
ORDA staff and the primary reviewer of

the protocol, it was determined that the

experimental results, submitted on
December 27, 1991, showed the

requested level of sensitivity, i.e., it was
possible to detect Neo-R-transduced
cells by PCR at a dilution of 1 in 10* non-
transduced cells. Since this meets the

request of the Recombinant DNA
Advisory Committee, the following

section may be added to Appendix D:

"Appendix D-XXIII

"Dr. Michael T. Lotze of the University of

Pittsburgh School of Medicine. Pittsburgh,

Pennsylvania, can conduct a series of

experiments on 20 patients with metastatic

melanoma who have failed conventional

therapy. Tumor infiltrating lymphocytes
(TILs) will be the targets for retroviral

mediated gene transfer. This system will

transfer a bacterial gene for

neophotransferase activity (NEO-R) that

confers resistance to the neomycin analogue
G418. This marker gene is required to

separately identify autologous TIL cells from
the patient's endogenous cells. By using a

tracer population of TIL cells, the following

questions can be addressed: (1) How long can
the TIL cells be detected in vivo in the

peripheral blood of the patients? (2) How do
combinations of interleukin-2 and interleukin-

4 affect localization and survival of TIL in

tumor sites?"

I accept this recommendation and

Appendix D-XXIII of the NIH
Guidelines will be added accordingly.

II. Summary of Action

The following section is added to

Appendix D:

A. Addition ofAppendix D-XXIII to the

NIH Guidelines

"Appendix D-XXIII.

“Dr. Michael T. Lotze of the

University of Pittsburgh School of

Medicine, Pittsburgh, Pennsylvania, can

conduct experiments on 20 patients with

metastatic melanoma who have failed

conventional therapy. A gene transfer

experiment will be performed,

transducing the patients' tumor

infiltrating lymphocytes (TILs) with the

gene for neomycin resistance. Through

the use of this gene marking technique,

it is proposed to determine how long TIL

cells can be detected in vivo in the

peripheral blood of the patients, and
how the administration of interleukin-2

and interleukin-4 affects localization

and survival of TIL cells in tumor sites.”

OMB's "Mandatory Information

Requirements for Federal Assistance

Program Announcements" (45 FR 39592)

requires a statement concerning the

official government programs contained

in the Catalog of Federal Domestic

Assistance. Normally NIH lists in its

announcements the number and title of

affected individual programs for the

guidance of the public. Because the

guidance in this notice covers not only

virtually every NIH program but also

essentially every Federal research

program in which DNA recombinant

molecule techniques could be used, it

has been determined to be not cost

effective or in the public interest to

attempt to list these programs. Such a

list would likely require several

additional pages. In addition, NIH could

not be certain that every Federal

program would be included as many
Federal agencies, as well as private

organizations, both national and

international, have elected to follow the

NIH Guidelines. In lieu of the individual

program listing, NIH invites readers to

direct questions to the information

address above about whether individual

programs listed in the Catalog of Federal

Domestic Assistance are affected.

Effective Date: January 17. 1992.

Bemadine Healy,

Director. National Institutes ofHealth.

(FR Dor. 92-2040 Filed 1-27-92; 8:45 am)

BILLING CODE 4140-01-M
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I. CALL TO ORDER AND OPENING REMARKS

Dr. Barbara Murray (Chair) called the meeting to order at 9:00 a.m. on February 10, 1992,

and welcomed the members of the Recombinant DNA Advisory Committee (RAC). A
quorum was present for the meeting. Dr. B. Murray stated that notice of the meeting was
duly published in the Federal Register in accordance with the requirements of the National

Institutes of Health (NIH) Guidelines for Research Involving Recombinant DNA Molecules.

She reminded the committee that it serves as an advisor to the Director, NIH, and that its

actions are not binding. It was noted that this meeting would be open to the public.

Discussion of agenda items was designated in the following order: primary and secondary

reviewers on each item; other members of the RAC; ad hoc consultants to the RAC; NIH
staff members; other government agencies; members of the public who submitted written

comments; and other members of the public. Dr. B. Murray welcomed Dr. LeRoy
Walters, the ad hoc consultant to the committee who will soon become a RAC member.
Dr. B. Murray thanked Drs. Mclvor, Gellert, R. Murray, and Mr. Mannix for their

dedication, yeoman efforts, and service to the RAC.

II. MINUTES OF THE OCTOBER 7-8, 1991, MEETING

Dr. Doi stated that the minutes of the October 7-8, 1991, RAC meeting accurately

reflected the discussion and actions. Mr. Barton concurred. The minutes were approved

by the committee by a vote of 14 in favor, 0 opposed, and no abstentions.

III. COMMENTS OF DR. GERARD McGARRITY

Dr. McGarrity reflected on his term as Chair of the RAC. On June 5-6, 1980, he attended

his first meeting of the RAC. "Hot" topics were whether people could grow recombinant

organisms in volumes larger than 10 liters, and how to handle purified recombinant DNA.
As the responsibilities of the RAC evolved, no untoward events have occurred. Obviously,

investigators have chosen to adhere to the rules and guidelines developed by the RAC.
He commended the review process followed by the committee and stated that "the RAC
has been a true lighthouse in guiding this trip of recombinant organisms."

Dr. McGarrity concluded his remarks by thanking the NIH Directors (past and present),

the RAC, the Human Gene Therapy Subcommittee (HGTS), and specific individuals for

making his appointment to the RAC a high point to his professional and personal career.

IV. PROPOSED AMENDMENT TO APPENDIX D-XV OF THE NIH GUIDELINES
REGARDING A HUMAN GENE THERAPY PROTOCOL ENTITLED: TREATMENT OF
SEVERE COMBINED IMMUNODEFICIENCY DISEASE (SCID) DUE TO ADENOSINE
DEAMINASE (ADA) DEFICIENCY WITHAUTOLOGOUS LYMPHOCYTES
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TRANSDUCED WITHA HUMANADA GENE

Status Report

Dr. Blaese presented an update on the current status of the ADA deficiency treatment

protocol and reviewed the background of the protocol. He explained that adenosine

deaminase (ADA) is the enzyme that deaminates adenosine into inosine and

deoxyadenosine; and that in the absence of this enzyme, there is an accumulation of

phosphorylated derivatives which are toxic to lymphocytes. The capacity for immune
function by lymphocytes is intact in this disease. Therefore, the treatment strategy for

ADA-deficiency traditionally has been to lower the level of toxic substrates and products in

order that the immune system can be reconstituted.

Dr. Blaese said that the treatment of choice for ADA deficiency was bone marrow
transplantation (BMT) using a matched sibling donor. With current technology, the cure

rate using this treatment is approximately 90%. However, only about one-quarter of these

patients will have a matched sibling donor. There has been a search for alternative

treatments for patients without a matched donor. Different transplantation strategies have

included using parents or matched, unrelated donors; but the survival rate using these

alternatives is approximately 50%.

Dr. Blaese noted that enzyme replacement therapy was first initiated almost twenty years

ago using red cell transfusion therapy where red cells containing adenosine deaminase

were given to children by exchange transfusion. The enzyme bound to these transfused

cells had only a minimal effect but led to specific enzyme replacement therapy with

polyethylene glycol (PEG) conjugated to ADA. This therapy provided a very high

concentration of ADA in the circulation. Unfortunately, children who have received

maximum doses of the PEG-ADA enzyme have not experienced complete immune system

reconstitution.

Dr. Blaese discussed the strategy behind bone marrow stem cell correction. If the ADA
gene could be inserted into totipotent bone marrow stem cells, then theoretically all of the

cells in both the T lymphocyte and B lymphocyte lineages should contain the corrective

gene. At the time the ADA protocol was submitted, gene insertion into bone marrow
stem cells has not been proven successful; therefore, the protocol turned to peripheral

blood T lymphocyte correction as an alternative strategy.

Dr. Blaese discussed the background of peripheral blood T lymphocyte correction using

gene therapy. It was found that children who had been cured by matched sibling donor

BMT were ADA deficient in all cell populations except T lymphocytes. The hypothesis

evolved that if the patient's own T lymphocytes could be corrected by gene insertion, then
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a positive impact on the disease might be possible.

The original ADA protocol involved children who received PEG-ADA treatment and

continued to have significant, persisting immune deficiency. The initial protocol had three

treatment parts: (1) to insert the ADA gene, expand this population in culture for one to

two weeks, and then infuse (the early reinfusion phase); (2) to select only ADA positive

gene corrected cells to be included in the infused population; and (3) to progressively

increase the dose of infused cells to see if PEG-ADA treatment could be discontinued.

PEG-ADA treatment has been continued throughout the first two parts of the treatment

program.

Dr. Blaese stated that the investigators intended to abandon the last two parts of the

treatment protocol, primarily because Phase I had been so successful and the patients were

self-selecting the genetically corrected cells. Therefore, the length of survival for the cells

that were not genetically corrected was short, which was presumably due to their ADA
deficiency, but the genetically corrected T lymphocytes persisted.

Dr. Blaese noted that the current protocol, which requires peripheral T lymphocyte

correction, is problematic in that there are thousands of different mature peripheral blood

T lymphocytes and each may have different T lymphocyte receptor specificities. To
achieve a positive impact on patients it is necessary to select and correct as many of those

specificities as possible. Dr. Blaese cited two problems with this approach: (1) involves

apheresing patients in order to obtain large numbers of lymphocytes; and (2) the

repertoire in the peripheral blood is not stable. Patients make an immune response to

those antigens that they are exposed; therefore, the relative distribution of the repertoire is

constantly changing. The repertoire contained within the blood samples varies over time;

therefore, samples have to be taken continuously to gather as much information about the

repertoire as possible.

Dr. Blaese described the treatment of ADA deficient patients to date and the results. The
first patient, a four-year-old female, was diagnosed with profound T-lymphopenia at about

two years of age. The patient was initially treated with PEG-ADA and initially showed

improvement in her lymphocyte count. However, during the second year of treatment,

despite increased enzyme dosages, lymphopenia developed again. This patient entered

into this protocol in September 1990. Objective measures of immune function showed

profound immune deficiency and no cellular immune function. The patient was anergic,

had no positive skin tests, and could not make specific antibodies.

Dr. Blaese reported that the patient was infused with an initial dose of lxlO
9
total gene

corrected peripheral blood T lymphocytes. Throughout treatment, the efficiency of gene

transfer ranged from 2 to 10%, which indicated that 90 to 95% of the infused cells were
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not gene corrected. The infusion induced a very prompt increase in the peripheral

circulating lymphocyte count. Within three months of beginning the protocol, the

lymphocyte count had returned to normal. There was a period of three months during

which the patient was not treated because of technical problems with culture

contamination. During this period, there was a discouraging fall in the peripheral

lymphocyte count. After the treatment began again, the T lymphocyte count returned to

the normal range.

The patient stopped treatment in July 1991. Six months following treatment, her

lymphocyte count remained stable. She had positive skin tests to diphtheria, Candida, and

tetanus toxoid. Cytotoxicity assays demonstrated that she had acquired cytolytic T
lymphocyte function. The ADA levels were measured in the patient's peripheral

mononuclear cells during the treatment period. Prior to treatment, ADA was essentially

undetectable. During treatment, there was an increase in the ADA level. After the

infusions stopped in July 1991, the ADA levels remained relatively stable. Even when the

lymphocyte count fell during the three months when the patient could not be treated, the

ADA level was maintained.

In response to a question from Dr. Krogstad, Dr. Blaese said that quantitative analysis of

gene corrected cells at each time point had not been completed, but data indicated that

corrected cells had the predicted survival advantage over non-corrected cells.

Dr. Blaese stated that the first patient, who was previously confined at home and isolated

from the public, is now attending public school. A second patient was enrolled in the

protocol in January 1991. She also exhibited an improvement in lymphocyte count, has a

normal isoagglutinin response, and has acquired cytolytic T lymphocyte function.

Dr. Blaese explained that this amendment to the ADA protocol proposes to insert the

gene for ADA into peripheral blood stem cells. The rationale behind this proposal is that

even with the positive response that has been observed with the current treatment, there

are still deficiencies in the T lymphocyte repertoire. Since it is unclear if the improved

immune response will last, there would be an advantage to inserting the ADA gene into

the stem cells in order to achieve these levels permanently.

Dr. Leventhal asked Dr. Blaese how long immune responses had been detected in patients

receiving BMT with stem cells and have any grafts been rejected. Dr. Blaese said that he

only knew of one identical BMT rejection. Permanent reconstitution should be expected

with matched sibling donors.

Following the status report on the original protocol, Dr. B. Murray introduced the

proposed amendment to Appendix D-XV of the NIH Guidelines.
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Dr. Mclvor moved that the review of this protocol be deferred to the HGTS since: (1) the

procedure targets a different cell population, hematopoietic stem cells, which have not

been extensively discussed or approved previously by the RAC, raising questions

concerning the safety, efficacy, and proposed feasibility of the procedure; and (2) the

amendment lacks specific responses to the Points to Consider in the Design and Submission

of Protocols for the Transfer of Recombinant DNA into the Genome of Human Subjects.

There was no second to Dr. Mclvor's motion and the discussion was directed to the

primary reviewer, Dr. Post.

Review~Dr. Post

Dr. Post stated that the amendment extends well beyond a minor change that can be

approved solely by the RAC's Chair. Not only is the vector being changed, but the target

cells are different. Dr. Post summarized the revised protocol as involving treatment of

patients with granulocyte colony-stimulating factor (G-CSF) and the harvesting by

apheresis of CD34( + ) cells. There is published data with mice and unpublished data with

humans that suggests that G-CSF will lead to mobilization of CD34( + ) cells into the

peripheral circulation. These CD34( + ) cells would be transduced with a new retroviral

vector containing a gene coding for ADA expression and reinfused into the patients.

Dr. Post stated that the revised protocol would offer additional benefits. Transduction of

progenitor cells might increase the survival of ADA expressing cells. The cells would have

an opportunity to differentiate which would raise the patient's level of immunocompetence.

Although these benefits would be reasonable expectations, there is no experimental data to

support these conclusions. The information would be beneficial to the field of

hematopoietic gene transplantation since this protocol would be the first example of

marking transplanted CD34( + ) cells. Determining the duration and ability of these cells

to differentiate into various cell lineages would be important information. The protocol

seems to offer a potential for benefit with little additional risk since there would be

continued transduction of T lymphocytes (the original protocol) along with the transduced

CD34( + ) cells resulting in a dual therapy.

Dr. Post questioned the extent to which CD34( + ) cells had already been transduced in the

first two patients. The investigators responded that the culture conditions used when
growing T lymphocytes did not include the growth factors, therefore, there was probably no

growth of CD34( + ) cells. The investigators examined the second patient's cells following

two weeks of culture, and no CD34( + ) cells were found. Also, no neomycin resistant

colony-forming units (CFU-C) were found in peripheral blood from either patient, but

polymerase chain reaction (PCR) analyses on granulocytes are still being performed to

detect the vector. Dr. Post agreed that it is unlikely that CD34( + ) cells have been

transduced.
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Dr. Post questioned the safety of the protocol. Since the transduced cells were intended to

persist, this persistence could increase the probability that a second insertional mutagenesis

event could result in malignant transformation. The investigators stated that fewer

numbers of cells will be transduced, thus reducing the chances for insertional mutagenesis.

Dr. Post stated that there was little data on the proposed procedures for the amended
protocol. In addition, there is a lack of data on the preclinical efficacy of the amended
protocol. The original protocol used a different vector than this amended protocol. There

is little information provided about the new vector in the proposed cell population.

Further, there is no direct method for viewing ADA expression in CD34( + ) cells.

Dr. Post asked whether the vector being used in this protocol, GlNa.SaVd, was the same
one proposed in Dr. Economou's protocol except that SV40 ADA has been added. Dr.

Post said if the vector is the same, that there were very informative details about this

vector in the data submitted by Dr. Economou. Dr. Blaese stated that it was the same
vector. Dr. Post asked if the reason for using this vector was to differentiate between the

transduction of the CD34( + ) cells versus the whole T lymphocyte population. Dr. Post

concluded saying that the investigators could answer his questions without referring the

protocol back to the HGTS.

Review-Dr. Krogstad

Dr. Krogstad stated that many of his comments were similar to Dr. Post's, and that he was

impressed by the rationale for these studies. Dr. Krogstad recognized the potential of

long-term correction and has spoken with Dr. Anderson about this vector. There are

several issues that need to be addressed: (1) marking of CD34( + ) cells; (2) the expected

numbers of CD34( + ) cells in ADA deficient children; (3) presence of antibody attached to

the cells completely removed prior to reinfusion; and (4) detailed information concerning

PCR markers. Dr. Krogstad noted the possibility that enhanced or different toxicity might

be observed with two retroviral vectors instead of one.

Dr. Krogstad said that he had two minor concerns about the consent form: (1) a

statement should be added that gene corrected cells may or may not be as effective as

BMT; and (2) the statement "this protocol might not be useful for children who live too far

away to travel frequently to the NIH Clinical Center" should be omitted. Dr. Krogstad

concluded that he was in favor of approving this amendment.

Review-Mr. Capron

In Mr. Capron's absence, Dr. Post presented his comments. Mr. Capron had concerns

about whether this protocol should go before the HGTS; however, he concluded that the
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RAC could review it directly. Mr. Capron questioned the limited number of animal

studies with gene marking that had been performed. Finally, there were comments
regarding the consent form language and patient selection which the investigators had

modified prior to this RAC meeting.

Other Comments

Dr. Mclvor stated that he had two major concerns with this revised protocol: (1) whether

enriched peripheral blood CD34( + ) cells can be transduced; and (2) can expression of the

transduced gene be observed in the enriched population following lymphocyte

differentiation. The RAC needs direct evidence that once the cell population is

transduced, there will be gene expression. This information has been the RAC's lowest

common denominator for approval of prior gene therapy protocols.

Presentation-Dr. Dunbar

Dr. Dunbar discussed the conditions found to be important for gene transfer to CD34( + )

cells. These data were based on extensive experiments performed in Dr. Arthur Nienhuis'

laboratory over the past ten years, as well as data in murine and rhesus systems from other

laboratories. The required conditions include: (1) increased viral titer; (2) addition of

hematopoietic growth factors, such as interleukin-3, interleukin-6, and stem cell factor

(SCF); (3) treatment of bone marrow donors with 5-fluorouracil prior to harvesting cells

for transduction; (4) enrichment of the target population for CD34( + ) cells; and (5) co-

culturing the target population with either viral producing cells or an autologous or

allogenic stroma.

The investigators have been constrained to use clinically approved vectors developed for

titers of l(r to 10
6
infectious particles per milliliter. 5-fluorouracil will not be used in

patients since it is a chemotherapeutic agent; G-CSF will be used for mobilization since it

may have the added benefit of allowing cells to cycle. Co-culturing of cells as stated above

would not be practical because of safety concerns in this human clinical protocol.

Dr. Dunbar discussed the enrichment of the target cell population. In the past, the

hematopoietic stem cell has been undetectable. The CD34 antigen is a transmembrane

protein of unknown function, originally discovered by raising a monoclonal antibody

against stem cell leukemia. The protein is present on progenitor cells, colony-forming

cells, and long-term bone marrow culture initiating cells. CD34 selection is an effective

means of enriching the activity that is desired in this protocol. CD34 selection has been

performed in some of the rhesus monkey experiments, and these studies have shown that

CD34( + ) cells could engraft animals and lead to faster reconstitution than if no CD34( +

)

cells were administered. Human transplantation protocols using CD34 selected bone

[
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marrow cells have been published, and studies on peripheral blood stem cells selected by

CD34 enrichment technology are ongoing.

Using combinations of the above approaches, Dr. Dunbar stated that: (1) in murine

transduction experiments, the efficiency of long-term repopulation by stem cells has been

as much as 20%; and (2) in rhesus experiments, about 1%. Pluripotent stem cells, which

have both lymphoid and myeloid progenitors, could be targeted as well as lymphoid stem

cells. Data from SCID experiments indicates that the CD34 enriched population does

contain lymphoid precursor cells, and this information is very important in justifying the

protocol amendment. Specifically, it has been shown that if a human CD34 selected

population is transplanted into immune deficient SCID mice, human T lymphocytes can be

observed growing out of the thymuses of these mice up to six months later. T lymphocyte

antigens are also co-expressed in a certain fraction of CD34( + ) cells.

Dr. Dunbar described the selection and purification system developed by Ronald Berenson

at the University of Washington. This technology has since been moved to CellPro

Corporation. The selection and purification process has been used on peripheral blood

mononuclear cells from normal volunteers who had not been pretreated with G-CSF and

were not apheresed. The process used a murine IgM monoclonal antibody, 12-8, that is

specific for the CD34 surface antigen. This antibody was biotinylated and mixed with the

apheresed peripheral blood mononuclear cells. After incubation with this antibody, the

cell population was passed over a Biogel 130 column that had avidin conjugated in the

solid phase of the column. When the target cell population was passed over this column,

the cells having the biotinylated antibody bound to the avidin in the column; the

non-CD34(+) cells passed through the column and were collected. Mechanical agitation

was then used to remove the CD34(+) cells bound to the column, and they were collected

by elution. This process could be completed in approximately two to three hours with a

60-70% yield of CD34( + ) cells.

The enrichment purity of the CFU-C contained within the CD34( + ) fraction of both bone
marrow and peripheral blood stem cells was from 40 to 150-fold. Fluorescence-activated

cell sorter (FACS) analysis indicated that 35 to 60% of these CFU-C cells were from

peripheral blood and 60 to 80% from bone marrow. Overall, the percentage of cells

recovered was low. Given the known frequency of CD34( + ) cells in peripheral blood that

has not been mobilized with G-CSF, this low recovery could be expected. Patients with

SCID-ADA deficiency seem to have low a percentage of circulating CD34( + ) cells, like

normal individuals. Recently, FACS analysis of a purification performed on one of the

patients in the original protocol resulted in a 50% yield of CFU-C cells. Data regarding

CFU-C enrichment was not available. There was no evidence that the patients in the

original protocol had transduced stem cells.
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Peripheral blood mononuclear cells from the second patient were plated and a normal

number of CFU resulted compared to the control. No neomycin resistant colonies were

observed; therefore, if there was transduction of myeloid progenitor cells, it was not

detected. T lymphocytes were expanded from this patient for two weeks in culture with

interleukin-2 (IL-2) and anti-CD3 antibody. The investigators were unable to show any

CFU-C survival. This result was predicted since there were no growth factors present

(e.g., IL-3, IL-6, or hematopoietic growth factor) that would be capable of sustaining CFU-
C cells in culture. Without interleukin-3, there was some evidence that early progenitor

cells and stem cells underwent apoptosis.

Dr. Dunbar compared the original LASN retroviral vector with the proposed vector,

GlNa.SvAd. She explained that the original LASN vector had the ADA gene inserted in

the first position and the neomycin resistance gene in the second position with an SV40
promoter. GlNa.SvAd simply switches the position of the ADA and neomycin resistance

genes. These two vectors are distinguishable by PCR because of the different sizes.

Preliminary data from experiments using these same vectors (without the ADA gene

inserted) indicate that CFU-C cells isolated from the CD34 enriched peripheral blood cell

fraction are transduced by these vectors without G-CSF mobilization. Transduction

efficiencies were comparable to those of bone marrow stem cell fractions. Transduction

efficiency was assessed by: (1) expansion of CFU-C from the neomycin resistant

populations, (2) PCR analysis of neomycin resistant cells, and (3) PCR analysis of the

CD34 enriched cells to determine gene copy number.

Dr. Dunbar described a series of experiments that compared transduction of CD34
enriched normal peripheral blood cells with the GlNa.40 (neomycin resistance gene) and

GlNa.SvAd (ADA gene) vectors. Results indicated that 16% of the CFU-C cells were

positive for GlNa.40 and 10% for GlNa.SvAd. Semi-quantitative PCR analysis

demonstrated transduction efficiencies of approximately 1%.

Dr. Dunbar stated that it has been very difficult to assess ADA gene expression.

Expression is often detectable in earlier progenitor cells, but disappears in later myeloid

progenitors. There have been at least three published series of experiments looking at

murine bone marrow that has been transduced with different ADA vectors. One
experiment was very similar in construction to the proposed vector in this amended
protocol. In addition, expression has been observed in the thymus cells of animals that

received human ADA transduced bone marrow cells at three and six months following

treatment. Unpublished data from Dr. Dinko Valerio in the Netherlands shows long-term

ADA expression in peripheral blood mononuclear fractions isolated from rhesus bone

marrow.

Discussion

[
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Dr. Leventhal asked about the volumes used on the selection columns in the clinical

experiments with normal volunteers and the number of CD34( + ) cells recovered. Dr.

Dunbar responded that following multiple washes and density separation, cells were

resuspended at a 1 x 10
8
cells/ml. Other investigators have reported that clinically

relevant volumes were easily eluted from these columns either from peripheral blood or

from bone marrow. Dr. Dunbar noted that the other investigators' data were from

smaller-scale columns, with between 10
8 and 5 x 10

8
total cells. When 5 x 10

8
cells were

added to a small column, between 2.5 x 10
s and 7.5 x 10

5
cells were eluted in 4 mis

volumes. One advantage of this system is that there is not a lot of pre-CD34 enrichment

processing necessary.

Dr. Gellert asked for clarification concerning the identity of the CD34( + ) stem cells and

how long their progeny could be expected to survive. Dr. Dunbar responded that the basic

reason to use this fraction was to have a smaller target population. Based on SCID mouse
data when highly purified transduced human CD34( + ) cells were administered, human T
lymphocytes were detected in the thymus out to six months. Therefore, it was
hypothesized that the stem cell activity is included in CD34( + ) cells though the frequency

is rather low. Whether or not there will be T lymphoid engraftment from CD34(+) cells

in humans can only be answered by the kind of experiment being proposed in this

amended protocol. To date there have been no allogeneic BMT done using CD34
enriched populations where donor versus recipient cells could be examined.

Dr. Geiduschek queried as to what gets "torn off' when CD34( + ) cells are eluted from the

column. Dr. Dunbar responded that the CD34 antigen does not seem to come off the

cells, but that either the avidin-biotin breaks up or the primary antibody falls off, or both.

After the cultured cells are examined several hours later, there is little antibody that can

be observed. After three days, no antibody can be seen bound to the cells. Dr. Dunbar
confirmed Dr. Geiduschek's conclusion that this result indicates that when the cells are

reinfused into patients, no foreign antigens are present.

Dr. Doi had two questions relating to the percent transduction of cells: (1) Was a

variation found between different people or was it fairly constant? and (2) Could the

method used to concentrate the target cells be used to concentrate transduced cells and

measure ADA? Responding to Dr. Doi's first question, Dr. Dunbar stated that there was

a reasonable amount of variation even among normal volunteers. Between 1 and 35%
transduction efficiency has been observed in bone marrow using the same conditions

although the 1% transduction rate may have been a result of problems with the growth

factors. In peripheral stem cell experiments, between 3 and 10% transduction efficiency

has been observed. Currently, there is no explanation for the variation; but it is hoped

that much higher efficiencies can be obtained using G-CSF mobilized cells. In response to

Dr. Doi's second question. Dr. Dunbar stated that it was conceivable to take the
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transduced fraction after the three-day incubation and re-sort by FACS for CD34(+) cells.

Then, PCR analysis can be performed to detect ADA gene expression in these cells. Gene
expression needs to be examined in the T lymphocyte progeny, not the CD34( + ) cells.

The only way to answer that question would be to readminister the selected cells to SCID
mice, examine their thymuses in six months, and observe if there was expression of human
ADA. There is difficulty in performing experiments to determine if the T lymphocyte

progeny expresses ADA. Currently, granulocytes from two patients are being examined by

PCR, and there are plans to assay for this activity.

Dr. Haselkom had a concern about the biotin and avidin dissociating under the

experimental conditions being described. He suggested measuring how much avidin

remains after the final stage of the purification procedures when cells are reinserted into

the patient. Dr. Nienhuis responded by clarifying that since 12-8 is a relatively low-affinity

antibody, it is probably the antibody-antigen bond that is disrupted. Since CD34 is a

transmembrane protein, it is unlikely that it would detach from the cell unless the avidin

binds and affinity is extremely high. When the cells are ready to administer to the

patients, the investigators will monitor for avidin.

Dr. Mclvor asked whether there is a mechanism in place for determining whether the

proposed experiments should be a modification to an existing protocol or a separate

protocol. Dr. Wivel responded that there is a mechanism described in the Points to

Consider in the Design and Submission of Protocols for the Transfer of Recombinant DNA
Into the Genome ofHuman Subjects that calls for consultation of the Chairs of the RAC
and HGTS to determine if a modification is major or minor. There was a determination

that this particular protocol is considered a major modification, not a new protocol. This

amendment involves adding additional therapy for patients already involved in the protocol

rather than starting a new set of patients. In any event, RAC's normal standards for

approving protocols will have to be satisfied. Dr. Mclvor stated, and Mr. Barton agreed,

that the standard should not be whether or not there is a new patient population, but

whether there are fundamentally new scientific issues involved. Dr. Mclvor stated that

scientifically this proposed amendment should be considered a separate protocol. Dr. Post

commented that if there are no new risks associated with adding this component to the

protocol, it would be more advantageous to use the same patient population than to

expose a new patient population to a protocol where there is not as much efficacy data.

Dr. Krogstad stated that questions of efficacy and safety should be separated. There is a

major issue over the safety of the new vector.

Ms. Buc posed several procedural questions, one relating to the relationship between the

HGTS and the RAC. Dr. Wivel replied that the HGTS has the same standing as that of

any of the RAC subcommittees that have been created. Historically, subcommittees were

created in response to a perceived need. These subcommittees were created and dissolved
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i as situations dictated. All of the subcommittees are offsprings of the parent body (RAC),

and the final decisions about subcommittee deliberations rest with the RAC. Dr. Wivel

emphasized that a new protocol has to be approved by the HGTS before going to the

I

RAC, but there is no text in the Points to Consider that calls for initial HGTS review for a

major modification or amendment to an existing protocol.

|

Dr. Mclvor reemphasized his questions about the safety and efficacy of the protocol since

it involved a new vector and a new target cell system. The RAC has not previously

discussed gene transfer with the intent of introducing and expressing a gene in

hematopoietic stem cells. Dr. B. Murray stated that the RAC can decide if the review

should be conducted now or returned to the HGTS for first review. She reminded the

RAC that later on there would be a vote on dissolving the HGTS. In that event, the

review of the protocol would return to the RAC. Dr. Mclvor said his question was not so

much whether the protocol should be reviewed now but if it should be submitted as an

entirely new protocol. There is no detailed response to the Points to Consider. The RAC
could either ask the investigators to resubmit the protocol in the proper form or discuss it

now. Dr. Wivel concluded the discussion of this topic by stating that whether this

proposed amendment is considered a modification to an existing protocol or a new
protocol, the same standards of stringency will apply in the review.

Dr. Leventhal stated that the proposed sequence of events for the protocol is unclear.

Also, she posed several questions: (1) Do the investigators have stopping rules if toxicity is

observed with G-CSF? (2) How many doses of G-CSF would be given and how often will

the patients be evaluated, etc.? and (3) Will new patients be reinfused with both T
lymphocytes and CD34 enriched cells. Dr. Culver responded to Dr. Leventhal's question

regarding the clinical aspects of the protocol. The amended protocol would initially treat

two patients who have already been treated in the original protocol. Patients would be

apheresed to remove the T lymphocytes. Next, the patients would receive G-CSF
injections with daily monitoring of complete blood counts. CD34( + ) cell numbers would

be monitored in the peripheral blood while simultaneously growing and transducing the

lymphocyte-selected fraction in the laboratory. This procedure would minimize the

number of intravenous punctures and apheresis received by the patients. After the

CD34( + ) cell number reached 1% or greater, G-CSF administration would be

discontinued. The patients would be apheresed for one to three consecutive days and the

gene-corrected T-cells would be re-infused. If no toxicities are observed from the infusions

of transduced CD34(+) cells and lymphocytes, the patients would return home under

standard protocol procedures.

Dr. Leventhal asked why this new protocol would be conducted on the first patient since

she responded positively to the original protocol. Dr. Culver responded that the

investigators want to provide the patients with as broad an immunological repertoire as

Recombinant DNA Research, Volume 15 [327]



Recombinant DNA Advisoiy Committee - 2/10-11/92

possible. If a gene could be inserted into a more primitive cell that produces educated,

functional, peripheral T lymphocytes, this procedure would provide a broader-based

repertoire with fewer immunological deficiencies. Dr. Anderson indicated that the largest

safety issue is that there are deficiencies in the immune repertoire of these patients.

A discussion commenced on whether the holes in the immune system can be identified and

how the investigators will prove that this protocol is more effective than infusing the

peripheral T lymphocytes. Dr. Culver responded that there are ways, both in vivo and in

vitro
,
to measure further enhancement of immune function. All of the patients'

specificities cannot be realistically measured and identified if specific deficiencies exist. In

vitro proliferation studies on the first patient indicate that she did not make normal

responses to any of the antigens that were a part of the standard assays. She exhibited

delayed type hypersensitivity to Candida, diphtheria, and tetanus. However, there were a

number of parameters which have been routinely followed that indicate that the patients

are not immunologically normal. The revised protocol would help demonstrate that

reconstitution is more significant as a result of CD34 selection techniques.

Dr. Dunbar responded to the question of G-CSF toxicity. G-CSF would have to be

discontinued if the white count reached 50,000. There is no data to indicate the best day

for apheresis and what indicator to use, whether it should be a total white count, number
of days, or CD34 positivity. Therefore, the investigators intend to search for 1% CD34
positivity. If 1% CD34( + ) cells are not achieved by the seventh day, then G-CSF would

be discontinued to avoid prolonged exposure, and three apheresis would be performed on

consecutive days. In addition, if a patient developed any grade three or four

nonhematologic toxicity, the investigators would discontinue therapy. If a lower toxicity

developed, it would be mitigated, if possible, by lowering the dose. Overall, a relatively

low dose of G-CSF will be used.

Dr. Geiduschek addressed a fundamental issue of whether a protocol that has been

approved by the RAC should be altered in mid-course to the extent that the conclusions

from the original study were inconclusive. The investigators have a commitment to

continue the original protocol to its conclusion unless there is a fundamental indication

that patients are threatened. Conclusive results of the patients' treatment in the original

protocol will never be determined if the protocol changes direction midway. Dr. Anderson

emphasized that when one is considering human patients, rather than laboratory

experiments, the primary criteria for treatment determination are what is in the best

interest of the patients. If it is in the best interest of the patients to alter a protocol, it

would not be appropriate for the RAC to insist that a scientific question be explored in the

same manner that it had originated. Dr. Geiduschek responded that it is unclear that this

amendment to the protocol is an obvious case of additional benefit to the patient, and that

the patients appeared to be responding vigorously to treatment. Dr. Anderson reiterated

[
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that while the patients are doing extremely well, they are not normal and are at risk of

death if exposed to antigens for which they have no immune response. The only change to

the original protocol involves adding the new stem cell therapy, and there will be no fewer

peripheral T lymphocyte treatments. Hie researchers perform PCR analysis to

differentiate the two vectors and observe results. If the patients develop granulocytes and

monocytes that contain the new vector and the immune function studies are in the normal

range, the next consideration will be to withdraw PEG-ADA and to later on possibly

withdraw T lymphocyte treatment.

Dr. Gellert asked why other patients who were currently only on PEG-ADA would not be

chosen for this therapy. By choosing the patients who were already being treated with

another therapy, the two therapies could be confounded. Dr. Culver stated that there are

many patients waiting for stem cell therapy. However, these patients are not the best

candidates to enter this protocol. It would be better to begin with patients who are

already being treated and add the stem cells since the investigators would be able to

differentiate which populations of cells are mediating long-term survival or immune
recovery in the blood. Dr. Anderson reemphasized that there is a balance between what is

best for the patient, what is scientifically best, and what is emotionally important for the

families. It might complicate determining what procedure really benefits the patients if

CD34(+) cells are inserted, even though they are marked differently. It is the

investigators' view that if the patients benefit, such a result could be sorted out in later

patients.

Dr. Mclvor asked about the evidence for gene transfer into hematopoietic stem cells

capable of differentiating into lymphocyte lineages. Dr. Nienhuis answered that data from

the murine model showed that using the developed conditions, genes could be reliably

introduced into cells; and those genes could be expressed with a variety of different

vectors. Dr. Nienhuis acknowledged that the data in higher animal systems is less

advanced, but indicates that full reconstitution is possible. One higher animal model
demonstrates that when genes are introduced into CD34 enriched cells using retroviral

vectors, there is a result in detection of the gene in multi-lineage cells as much as six

months later. Data from Dr. Valerio indicates that ADA expression is detected as long as

one year after the transplant.

Dr. Mclvor questioned whether ADA assays had been performed on CD34 enriched cells

transduced with GlNa.SvAd. Dr. Nienhuis answered that this cell population has not been

assayed; however, neomycin resistance gene selections have been completed, and that the

neomycin resistance gene is being expressed. ADA expression has been studied in T
lymphocytes but not in CD34 enriched cells. Dr. Anderson stated that this is difficult

because both patients now have ADA corrected cells. Consequently, there are no true

ADA deficient cells, except the old TJF2 in which assays have been completed. TJF2 is
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not a primary cell line. Dr. Mclvor stated that while it would be very difficult to perform

in vitro experiments demonstrating ADA gene expression in lymphocyte lineages, the

investigators are capable of doing some experiments following differentiation into myeloid

lineages. These myeloid cells could be expanded and assayed for enzyme activity.

Dr. Dunbar responded that the investigators had selected granulocytes from the second

patient that are 99% pure, and that these cells can be readily assayed for ADA activity.

However, these granulocytes represent cells from a patient who already received the first

vector. If the same cells are transduced with the second vector, it will not be possible to

differentiate one ADA from the other ADA. Dr. Nienhuis stated that in his interpretation

of the discussion, the investigators are being asked if they could take CD34 selected cells,

infect them in vitro, culture them, harvest the myeloid colonies, and examine for ADA
expression. This experiment would be feasible, and the investigators will plan to conduct

such a study. Dr. Mclvor commented that it should be possible to fractionate granulocytes

away from the lymphocytes. The granulocytes in the untransduced control should be

negative; when transduced with the new ADA vector, there should be activity.

Dr. Mclvor asked two questions concerning the safety of the protocol. First, since a new
target cell population will be used, what would be the number of estimated events that

would be necessary for insertional mutagenesis to occur? He acknowledged that the

investigators would have to make some assumptions as to the number of insertional events

necessary to produce tumor formation. Dr. Anderson stated that this estimate would

probably have to be multiplied by the number of cell divisions. The risk of insertional

mutagenesis with the CD34 selected cells should be lower because there are fewer

numbers of transduced cells; however, the total risk will be greater because both

procedures are being conducted. By taking the bone marrow assessment, the percentage

of totipotent stem cells in the peripheral blood fraction could be compared with those in

the bone marrow and make the reasonable assumption that the risk factors will be reduced

by one hundred.

Dr. Dunbar responded that the number of insertional events that are observed in the

totipotent stem cells of mice using these growth factors is one to four. If the marked cells

are considered and the colonies analyzed, the number of insertions is one to four. There

is an increased efficiency in the percentage of inserted cells; however, there has been no

increase observed in the number of insertions per cell. If helper-free virus is used,

circulating totipotent cells can be given back to the host and no further insertional events

will occur after the original one. Even though the cells can live longer and have a chance

of a second event, once the first event has occurred, there is probably no excess risk of

another insertional event.

Dr. Mclvor asked what assays for replication-competent helper virus and infectious agents
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have been conducted with GlNa.SvAd. Dr. Anderson stated that the informal name of

the vector is G1SAX. All of the initial safety studies were conducted with G1SAX as with

the previous vectors: LNL6, LN series, LASN, and GlNa.40. The modifications

introduced into G1SAX should make it safer than the other previous vectors.

Dr. McGarrity stated that the RAC has reviewed a series of tests for the G1 vector system.

Differences between the G1 and LNL6 systems are: (1) a polyclonal site has been
introduced into the G1 system; and (2) some sequences that have the potential for

homologous recombination have been eliminated. Complete sequences of the G1 system,

which include the neomycin resistance marker, were reviewed by Drs. Mclvor and D.

Miller for potentially harmful sequences. If the RAC requests, Genetic Therapy, Inc., will

submit sequences for the addition of the ADA gene. There is a description of GIN in Dr.

Economou's proposal not including the ADA component. The description reads as

follows:

"This neoR vector was developed by GTI, and is virtually identical to LNL6. At
position 1470 there are 16 additional base pairs derived from the PG1 polylinker.

At position 2336 in GIN, 680 base pairs of 3' untranslated neoR (resistant) gene

sequences are deleted and 36 base pairs derived from PG1N polylinker added."

Dr. McGarrity said that the quality control and safety studies for the LNL6 system were

completed with titers of production lots following the Food and Drug Administration

(FDA) standards. These tests included assays for bacteria, yeast, fungi, mycoplasma,

mouse antibody production, helper virus, S
+
L- xenotropic and X-C ecotropic viruses, and

3T3 amplification.

Dr. Mclvor asked if any safety assays have been performed specifically on the GlNa.SvAd
vector. Dr. McGarrity replied that all the necessary assays have been performed, and the

cell line is free of helper virus. There is no functional difference between this vector and

LASN. Dr. Anderson stated that since the vectors are identical, the investigators wanted

the flexibility of using either vector. However, only one of these vectors will be used to

transduce a particular cell type.

Ms. Buc asked if the committee could return to the basic rationale for the protocol. If the

two patients treated in the original protocol are still immunologically deficient, then how
will the investigators know if they succeed in repairing holes in their immune repertoire

with the new protocol if they did not know where these holes are? Dr. Anderson

responded that the RAC seemed to be uncomfortable with the question of what was

happening with the present patients. Although the original protocol was designed to

transduce peripheral blood T lymphocytes, it has to be recognized that this target cell

population is rather heterogenous. Among the spectrum of cells are early progenitor stem
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cells that can progress from a very undifferentiated stage to totally differentiated T
lymphocytes or granulocytes; it is entirely possible that some of these stem cells were

transduced with the ADA gene in the original protocol although there is no direct

evidence. Currently, the patients are demonstrating a positive clinical response. This

response could be due in part to the transduction of stem cells. However, the fact remains

that the tests for immune function are not entirely normal. Thus, the current proposal is

designed to enhance the likelihood that the more undifferentiated cells can be transduced

and that such cells will have a positive growth advantage. By using the G1SAX vector, it

will be possible to determine later on whether or not the patients' T lymphocytes contain

one or both vectors, and that would indicate the stage of differentiation and growth.

Dr. Leventhal asked if the CD34(+) cells could be reconstituted. Then the question was

raised whether it would be more advantageous to continue using T lymphocytes. She

stated that the RAC was disappointed that the first two patients who participated in the

original study were being proposed to receive treatment in the amended protocol. Dr.

Anderson clarified that the protocol would also be applied to other patients. Currently, a

third patient is being recruited, and others will be recruited as they become available.

Dr. Krogstad asked the FDA to comment on whether or not all of the safety criteria had

been satisfied with regard to the new vector. Dr. H. Miller responded that he did not

know whether the protocol review, including the vector, had been completed by the Center

for Biologies; therefore, he could not comment at this time. Dr. McGarrity stated that the

GIN system had been approved by RAC reviewers and the FDA, and this system has been

used in neuroblastoma patients at St. Jude's Hospital.

Mr. Barton pointed out that he would be more comfortable if a Points to Consider

response had been completed which would clarify what tests had not been performed, what

the subjects would be like, who they would be, and how the patients would be chosen.

This information should be made available at the next meeting, and the RAC could

possibly approve the protocol at that time. Dr. Anderson responded that the covering

memo addressed those issues in the Points to Consider that were different, and that

everything else was identical. He acknowledged that the information should have been

placed in a Points to Consider format.

Dr. Carmen asked if there was any increased risk to the patients resulting from the new
undifferentiated target cells being transduced. Dr. Anderson stated that the risk to the

patient would be increased by a factor of two because there were now two populations of

cells being administered. The risk from the T lymphocytes was determined to be about
10'14

,
so the additional risk of adding the CD34 selected transduced cells would be about

2x1
0‘14

.
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Dr. Hirano asked if it was difficult to conduct experiments to determine ADA expression

in the CD34( + ) cells. Dr. Dunbar stated that normal volunteers were used to select and

enrich CD34(+) cells, perform neomycin resistance gene transduction experiments, and

transduce with the ADA vector. It is unclear if increased levels of transduced ADA can

be detected over the background of normal CD34( + ) cells that are not ADA deficient.

One experiment has been conducted. In order to obtain sufficient numbers of cells to

perform this experiment, patients need to be apheresed. The investigators do not want to

expose an ADA patient to the increased risk of apheresis when the cells would not be

given back to the patients. Small numbers of cells obtained from ADA patients have been
transduced and pellets have been frozen. These cells could be assayed for ADA
expression as compared to ADA levels prior to the treatment.

Dr. Hirano asked if the investigators would want to know the expression level in the

CD34(+) cells prior to transfusion. Dr. Dunbar stated that while it would be beneficial to

have the data, the delay in obtaining this data would increase the risk to the patients. The
investigators are not concerned about the expression level in CD34( + ) cells before they

are differentiated. Dr. Hirano asked about growing CD34( + ) cells in culture. Dr. Dunbar
said that CD34( + ) cells will be cultured in the same manner as with normal cells. Cells

could be cultured for five or six weeks, plated in methyl cellulose, and myeloid colonies

examined. Other investigators hold varying beliefs on whether this procedure is an
acceptable model for stem cell differentiation. This procedure does not yield lymphoid

colonies. A transduced population could also be placed into a Whitlock-Witte culture (a

lymphoid-specific long-term culture system for examining B-cells) in order to observe long-

term expression. Unless T lymphocytes are injected into an immune-deficient mouse, it is

difficult to determine ADA expression. In addition, the experiment has to be conducted

with cells obtained from patients with ADA deficiency.

Dr. Brinckerhoff stated that the risk from the transduction was estimated to be 2xl0'
14 and

asked if a risk could be assigned for the holes in the repertoire. Dr. Anderson responded

that the patients were probably in the 70 to 80% normal range. The risk of getting a life

threatening infection probably would be 0.1%, which is much higher than the risk from the

protocol. However, the benefit could be profound; the patient's would be cured of their

disease.

Dr. Gellert asked how the first two patients could be classified healthy enough by the

investigators to be allowed in public yet deemed to need this treatment immediately or be

at mortal risk. If the patients were at such high risk, they should not be in public; or if

they were not at that much risk, the protocol should be performed on a separate group of

patients. Dr. Anderson apologized for implying that the patients were at mortal risk.

However, there are holes in their immune repertoire which create a finite risk that the

patients could be exposed to an antigen that they have no protection against. Therefore,
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the investigators decided it would be inappropriate to use a different patient population,

especially given the small number of children with this disease.

Dr. Mclvor said that the preclinical data provided by the investigators does not really

address gene transfer into stem cells, which are supposed to generate lymphocyte lineage.

Further, there was no information on expression of the ADA gene. Dr. Anderson agreed

that there are no conclusive animal data, but that any corrected cell that is inserted into a

patient would have a positive advantage. The only real data would come from patients.

ADA patients constitute the only real model system because there is no animal model for

ADA deficiency.

Dr. Leventhal stated that the investigators were decreasing their chances of determining

efficacy by continuing to use the original patients and by continuing to use the peripheral

T lymphocytes to which these patients have already responded. This procedure should be

used in patients whose immune system has not already been reconstituted. Dr. Anderson

stated that this protocol is intended for new patients, and requested the RAC not to

restrict the investigators by demanding that the previously treated two patients not be

treated until the protocol is completed on other new patients. The clinical process is one

that involves incremental steps of increasing knowledge.

Dr. Culver stated that the original ADA protocol was designed around many of the same
dilemmas. The investigators did not know if the transduced T lymphocytes would function

since the patients were on PEG-ADA. When the investigators suggested terminating the

PEG-ADA and examining how the T lymphocytes functioned alone, the RAC would not

approve this proposed change. This amended protocol will raise the same issues. If there

are patients that respond to treatment with stem cells, T lymphocytes, or both, the

investigators will ask the RAC for permission to terminate PEG-ADA treatment. Since

there is not a large pool of patients with ADA deficiency, the investigators are limited to

studying each patient and his/her immunologic reconstitution over time. This disease is a

heterogeneous disorder.

Committee motion

Dr. Carmen moved to approve the amendment to Appendix D-XV of the NIH Guidelines.

Dr. Post seconded the motion.

Dr. Mclvor stated that he was not going to vote in favor of the motion since he had

concerns about insufficient evidence that the ADA gene would be expressed in the cell

lineages as predicted by the investigators. Dr. Hirano asked if the investigators would be

able to obtain this expression data. Dr. Mclvor said the investigators should demonstrate

that gene transfer into the cell population has been effectively achieved, and that this
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population will differentiate into lymphocytes and express the gene product.

Dr. Leventhal stated that she could not vote on this protocol amendment until the RAC
receives the following: (1) a formal outline describing the studies to be performed on
patients' CD34( + ) cells that will demonstrate transduction and ADA expression in these

cells; (2) a formal outline describing the studies to be conducted that will demonstrate the

efficacy of the CD34( + ) ADA transduced cells in terms of reconstituting immune function

and particularly vis-a-vis the T lymphocytes that have been ADA-reconstituted; and (3) a

formal outline of the toxicity criteria that would be used for stopping G-CSF. Conditional

approval should be based on receiving these three items.

Dr. Carmen accepted Dr. Leventhal's amendment as a friendly amendment. Mr. Mannix
moved to table Dr. Carmen's motion to approve the protocol for 25 hours allowing time

for the investigators to respond to Dr. Leventhal's request for the written outlines. Mr.

Barton seconded the motion. Dr. B. Murray asked if there were any objections to tabling

the motion. As there were no objections, the motion to table the discussion for 25 hours

was passed by a vote of 13 in favor, 0 opposed, and no abstentions.

V. PROPOSED ADDITION TO APPENDIX D OF THE NIH GUIDELINES
REGARDING A HUMAN GENE THERAPY PROTOCOL ENTITLED: GENE
TRANSFER FOR THE TREATMENT OF CANCER

Review-Dr. Gellert

Dr. Gellert summarized the protocol as a proposed treatment for ovarian cancer. Patients

would be infused with cells from a human ovarian cancer cell line that has been

transduced with the thymidine kinase (TK) gene derived from herpes virus (HSV-TK).

These TK( + ) cells can be selectively killed with ganciclovir. The investigators propose

that injection of these transduced cells could possibly stimulate an immune response that

would effect killing of the primary tumor. There were three problematic issues: (1) the

appropriateness of the animal model; (2) the possible use of apoptotic vesicles; and (3) the

mechanism by which this therapy is supposed to be successful.

Addressing the issue of the appropriateness of the animal model, Dr. Gellert stated the

revised protocol calls for injecting the primary tumor cells six days prior to treatment. The
investigators observed a slight prolonging of survival following TK( + ) cell administration;

however, the effect was less than when the primary tumor was injected just prior to

treatment. This result raised the question of how this treatment will translate to humans.

Both the treated and untreated mice eventually died of their tumors.

Dr. Gellert cited an experiment that demonstrates that apoptotic vesicles kill cells in vitro.
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There is a question if these vesicles might be as effective at killing the primary tumor as

administering whole TK( + ) cells. Data from one animal experiment to the contrary

should not be the basis for dismissing this concept entirely. Two mechanisms have been
proposed, one is direct cell-to-cell killing and the other is an immune response stimulated

by TK( + ) dying cells. He noted an experiment that demonstrated little or no tumoricidal

effect in irradiated and nude mice. This study would suggest that the observed effect is a

result of an immune system response. This result is still unresolved. The investigators

have not provided much additional information since submission of the original protocol.

Review-Dr. Geiduschek

Dr. Geiduschek stated that the RAC originally sent the protocol back to Dr. Freeman for

consideration of five specific points: (1) improve the animal model so that it has some
relevance to the malignancy seen in patients; (2) examine the animal model for the tumor-

specificity of cytotoxic T lymphocytes (CTL); (3) demonstrate the efficacy of the proposed

treatment by measuring the tumor burden in patients and state whether this assessment

will be conducted by laparoscopy, imaging techniques, or both; (4) refine safety tests; and

(5) eliminate every reference to cancer vaccine in the patient consent form. The
investigator submitted a supplemental appendix to address these points. This appendix

includes new experimental data as well as old data previously considered by the RAC.

Dr. Geiduschek summarized the protocol stating that it involves three steps: (1)

introduction of the HSV-TK gene into a human ovarian cancer cell line; (2)

intraperitoneal injection of these cells into the patients; and (3) treatment of the patients

with ganciclovir. There are two proposed mechanisms of the effect observed with this

treatment. The first proposed mechanism is that ganciclovir treatment specifically kills the

peritoneally introduced HSV-TK cells, and that these cells then release apoptotic vesicles

which effect killing of the patient's tumor. The second mechanism is that the apoptotic

vesicles generated in situ are especially effective in presenting antigen to the immune
system, and the killed HSV-TK cells elicit an immune response directed at the tumor.

Dr. Geiduschek then described the supplemental appendix submitted by Dr. Freeman.

Figures 1 through 7 are data previously seen by the RAC. Figure 8 illustrates the results

of one experiment that demonstrated that the vesicle containing supernatant fraction

cannot prolong survival in tumor bearing mice whereas whole cells can prolong survival.

Figure 9 is data on the prolongation of survival of mice with six-day tumors that received

irradiated HSV-TK cells. These mice die an average of eight days later than the untreated

mice. This result might indicate that very large doses of irradiated, ganciclovir treated

HSV-TK cells can reduce, but not eradicate, solid tumors. New data on the uptake of

material from ganciclovir treated cells by ganciclovir resistant cells was submitted as

fluorescent micrographs. Dr. Geiduschek said that he was surprised that this protocol was
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resubmitted by the investigators. The RAC requested that Dr. Freeman perform extensive

analysis of the underlying principles of the proposed therapies. The basic biological

premise for this protocol has not even been addressed. In addition, the

immunotherapeutic aspects of the protocol are insufficiently described.

Presentation-Dr. McCune

Dr. McCune stated that the investigators are proposing to transfer the TK gene into

cultured ovarian tumor cells. These cells will be irradiated to inhibit cell division and

injected intraperitoneally. Ganciclovir will then be administered to the patients,

specifically killing the HSV-TK( + ) cells as well as neighboring cells.

Dr. McCune explained that the animal models show only a modest prolongation of life;

the real goal is a cure. There are two types of prophylactic experiments using a mammary
adenocarcinoma tumor. In the first experiment, mice were immunized with irradiated

tumor cells and an adjuvant, C. parvum
,
before challenge with subcutaneous tumor. In the

control group, which received no vaccination, the mice died in three to four weeks. In the

mice that received irradiated tumor cells and the bacterial adjuvant, 10 of 15 animals

remained disease-free and never developed tumors. To more closely mimic the human
scenario, irradiated cells were injected after the tumor had developed. In this therapeutic

model, the mice were challenged with intraperitoneal tumor before administration of

irradiated cells. This model was not successful because mice require 10 to 14 days to

recognize a foreign antigen. The tumor cells proliferated too quickly to be affected by the

treatment. An attempt was made to slow down the progression of the tumor by injecting

the tumor cells into the leg instead of the abdomen. This subcutaneous tumor was

subsequently irradiated and a 50% cure rate was observed.

Dr. McCune described a study in which cultured ovarian cancer cells had been infected

with influenza virus and then lysed. This material was then injected intraperitoneally.

Nine of 40 patients had a measurable response to the treatment.

Dr. McCune stated that the proposed therapeutic effect cannot be well demonstrated in

animal models because of the time that is required to immunize them. However, if

prolongation of survival is demonstrated, this result should provide justification of the

treatment. As for the mechanism of action. Dr. McCune said that sufficient data had been

submitted to demonstrate that apoptotic vesicles could transfer phosphorylated ganciclovir

to neighboring cells. However, the immune system aspects of the therapy are difficult to

address. Hopefully, understanding the mechanism of action will not be a rigid criterion for

approval.

Dr. Freeman stated that the protocol is designed to treat patients with ovarian cancer
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confined to the peritoneal cavity who have undergone surgery and chemotherapy

treatment. Patients eligible for this study have microscopic tumors or macroscopic tumors

less than 1 centimeter. Of the patients with macroscopic tumors less than 1 centimeter,

70% will have had their tumor surgically debulked to a microscopic size. There is no
treatment for ovarian carcinoma patients with microscopic tumors, because their tumors

are resistant to chemotherapy and radiation.

Dr. Freeman described a study conducted by Hunter et al., at the University of

Massachusetts, involving ovarian cancer patients in relapse. The patients were studied in

two ways: (1) tumor examination at the time of second laparoscopy; and (2) the effect on

treatment of whole body radiation, chemotherapy, or neither. These patients were

diagnosed as having ovarian cancer then treated with surgery and chemotherapy. After

several months, a laparoscopy was performed. If the patients had either microscopic

tumor disease or macroscopic tumor disease less than 2 centimeters, these patients were

classified as non-responders. These are the types of patients who are eligible for our

study. Another eligible group of patients are those who have macroscopic disease greater

than 2 centimeters that have not responded to treatment. Ovarian cancer is a fatal disease

at the point where patients have microscopic or macroscopic disease. If these patients are

treated with either abdominal radiation, high-dose Cytoxan, or nothing, all patients have

the same end results.

Dr. Freeman addressed some of the safety issues presented by the reviewers. Since the

HSV-TK( + ) ovarian cancer cells will be grown in culture, they can be readily assayed for

viruses. These cells are sensitive to ganciclovir. The cells will be irradiated prior to

injection and this procedure will provide an additional measure of safety. Since these cells

are allogeneic, they should eventually be rejected by the patient's immune system. Other

general safety tests are also performed on these cell lines.

Dr. Freeman presented data addressing the issue of whether or not DNA from HSV-TK
cells is transferred to nearby cells. Mice were injected with TK( + ) cells, treated with

ganciclovir, and sacrificed at 24, 31, or 42 days post treatment. DNA preparations were

made from various tissue samples and assayed by PCR to detect the presence of the vector

in these cells. Agarose gels revealed that there were no detectable levels of the HSV-TK
gene in the tissue samples. Tissue culture experiments were performed using k-balb cells

and apoptotic vesicles obtained from TK( + ) tumor cells that had been exposed to

ganciclovir. K-balb cells were assayed for the presence of the neomycin resistance gene.

The results to date have been negative; however, these studies are continuing. Dr.

Freeman then addressed the question of whether apoptotic vesicles could be used alone

instead of tumor cells. Tumor experiments had been performed, one in vitro and one in

vivo. At a ratio of 10 TK( + ) tumor cells to 1 TK(-) cell, no effect was observed in tissue

culture. In vivo, no tumoricidal effect was seen; however, some prolongation of survival
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was observed with TK( + ) cells. Dr. Freeman then presented toxicity study data. Eighteen

mice were injected with TK(+) cells, treated with ganciclovir, and sacrificed at days 1, 3,

10, 17, 24, or 31 post-treatment. Tissue samples were analyzed, and no abnormalities were

observed.

Dr. Freeman explained that the patients eligible for the proposed study would have

microscopic tumors and have an expected survival of 18 to 24 months. Three therapeutic

animal models were established to mimic the human situation: (1) a mouse model with

microscopic tumor, (2) a mouse model that has macroscopic tumor less than 1 centimeter,

and (3) a mouse model that combines the modified cells and immunization. In mixing

experiments, only the mice that received either 100% TK(+) cells or 50% TK( + ) and

50% TK(-) cells demonstrated prolonged survival. Therefore, TK(+) cells must have a

toxic effect on nearby TK(-) cells. When the treatment was initiated on the day following

tumor challenge, survival tripled. This model is analogous to the microscopic tumors

observed in the patient population. In the intraperitoneal tumor model, mice were found

to develop subcutaneous tumors at the needle track site. At autopsy, no evidence of

intraperitoneal tumor was observed, only the subcutaneous tumors. This fact may be why
longer survival is not being observed. Based on these results, their patient population is

confined to Stage I, II, and III ovarian carcinoma.

Dr. Freeman detailed the results of an experiment in mice with large six-day tumors. By
day six, the mice developed tumors that were approximately 4 millimeters in diameter.

When treated only with ganciclovir alone, the mice survived 13 days. When mice were

treated with 2x1 Or, lxlO
6
,
or lxlO

7 TK(+) cells, prolonged survival was observed with both

IX106 and IX107 cells. This data suggests that the system is functioning. Examination of

the peritoneal cavity at autopsy demonstrated the presence of necrotic tumor within 24

hours of receiving the modified cells.

In conclusion, Dr. Freeman presented data on the combination of immunization and

injection of TK( + ) cells. Mice were immunized six weeks prior to tumor challenge. Six

days following tumor challenge, the mice were treated with TK( + ) cells and ganciclovir; a

pronounced effect was observed. Mice survived up to 50 days following tumor challenge.

The data presented should justify approval of the protocol because the data demonstrates

clinical efficacy and safety, no other therapy exists for microscopic tumors, and statistically

significant prolonged survival analogous to the patients' response has been demonstrated in

animal models.

Discussion

Dr. Mclvor asked Dr. Freeman four questions: (1) What is the ratio of transduced cells to

existing tumor cells necessary to observe prolonged survival? (2) How will the existing
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tumor burden be determined in these patients? (3) Has tumor burden been assessed and

what is the estimated tumor cell number? and (4) How many transduced cells are

necessary to treat these patients, based on the animal studies? Dr. Freeman responded

that the investigators would aim for a ratio of transduced cell to tumor cell of at least 1:1.

Dr. Mclvor asked whether the patients' tumor burden would be determined. Dr. Freeman
answered that all patients will undergo a laparotomy or laparoscopy, and imaging

techniques will be used to determine the tumor burden. Dr. Mclvor assumed that the

investigators will be estimating the tumor volume and using conversion factors to

determine the cell number. Dr. McCune added that most of the patients have already had

a laparoscopy or laparotomy, which is usually the mechanism by which their residual

tumors were discovered.

Dr. Krogstad asked how this treatment would affect extra-abdominal tumors. Dr. Freeman
responded that animal model data suggests that treatment has effected extra-abdominal

tumors; however, it is unclear to what extent. Any patient having tumor outside of the

peritoneal cavity is ineligible for this study.

Dr. Haselkom asked if a quantitative relationship between circulating CA-125 antigen and

the number and growth rate of tumor cells could be determined. Dr. McCune answered

that CA-125 levels cannot directly correlate with the number of tumor cells and these

levels vary tremendously between patients.

Dr. Post asked if there were any other animal studies that could be conducted to provide a

foundation for the human studies. Dr. Freeman responded that the animal models could

be improved; however, there is an abundant amount of knowledge that could be obtained

from the human studies. The best combination would be to begin the human studies and

continue to refine the animal experiments.

Dr. Geiduschek asked with what certainty Dr. Freeman could ascertain that the patients

are in relapse. Dr. Freeman stated that there are problems with any diagnostic system.

For this protocol, patients must have evidence of macroscopic or microscopic disease.

Dr. Mclvor stated that the experimental data shown in Figure 9 were most relevant to the

human situation. The increase in survival is five days for this animal experiment. The
RAC needs to contend with how to extrapolate these data to humans. Dr. Freeman
admitted that this animal model may not be the most appropriate because the tumors are

much larger than in the patient population. Dr. Mclvor agreed that this animal model was

the closest model to humans, and the response in humans would probably be greater. Dr.

McCune added that the investigators chose the most difficult setting.

Dr. Geiduschek asked if the mice had been autopsied to determine the cause of death.

[
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Dr. Freeman responded that autopsies were conducted, and that there is evidence that

these animals were dying from intraperitoneal tumors. Dr. Geiduschek said that this result

would indicate that the apoptotic vesicles are attacking the tumor but not totally destroying

it. Dr. Freeman agreed with that statement. In the preimmunized mice, very prolonged

survivals were observed and that further studies designed to study dosage should be

undertaken simultaneously. Dr. Geiduschek asked if experiments had been performed on

nude mice to examine the effect of apoptotic vesicles in the peritoneum. Dr. Freeman
said those experiments would be probably conducted in the future. At this point, the focus

is on the effect of TK( + ) cells on TK(-) cells.

Dr. Geiduschek referred to the use of word "vaccine" in the protocol. Dr. Freeman stated

that in his opinion the killing of adjacent tumor cells could be described as a vaccine

effect.

Dr. Gellert queried if there is direct cell killing, then why is there no effect observed in

nude mice that are not immunocompetent. Dr. Gellert then mentioned a variety of cell

lines that were used in these studies leading to conflicting results. The most critical

experiment was performed on a colon carcinoma cell line, not an ovarian cancer cell line.

Immunological specificity is hard to analyze, and the results of these experiments are

leading to two diametrically opposite directions. Dr. McCune responded that a major

difference between mouse and human cancers is that nearly all animal tumors are highly

immunogenic. The immunogenic effect will require a few weeks to register its full effect;

as a part of the acute reaction, the local inflammatory response from the apoptotic cells is

probably what is killing the tumor cells.

Dr. Freeman then remarked that the investigators are seriously considering the RAC's
concerns regarding the mechanism of killing. They have tried diligently to determine the

mechanism, but have not been able to establish it. A definitive answer to this question

could take years. Hopefully, the risk/benefit ratio and relative safety to the patient

population would allow this new therapy to proceed.

Committee motion

Dr. Post moved for the approval of the protocol, and Mr. Barton seconded the motion.

Dr. Mclvor asked if the cells were assayed for the presence of replication-competent virus

following irradiation. Dr. Freeman responded that these tests have not been performed.

Dr. Mclvor noted that irradiating cells may result in the release of endogenous retrovirus.

Dr. Freeman agreed to include this assay in the safety tests.

Dr. H. Miller urged the RAC to vote in favor of the motion. The FDA will review the

protocol to verify that the standards have been followed for autologous and heterologous
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VI.

vaccines. The public would receive conflicting messages if the RAC and the FDA vote

differently. Dr. Geiduschek stated that the RAC's task is to review clinical gene therapy

protocols for: (1) adherence to the NIH Guidelines', (2) principles of informed consent; (3)

degree of preparation; (4) coherence quality; and (5) likelihood of scientific contribution to

the field of human gene therapy. Dr. Geiduschek said that these protocols undergo a

more rigorous review process by the RAC than by the FDA. At the FDA, protocols are

judged in coherence with other clinical protocols. The RAC judges these clinical trials

individually on their own merits.

Dr. Mclvor moved that the motion to approve this protocol be amended to reflect the

RAC's concerns about safety. Transduced, irradiated cells must be assayed for the

production of replication-competent helper viruses and the generation of rescued TK virus.

Dr. Mclvor's amendment was seconded by Dr. Gellert. The motion to approve the

amendment passed by a vote of 14 in favor, 0 opposed, and no abstentions. The motion to

approve the protocol was passed by a vote of 10 in favor, 4 opposed, and no abstentions.

PROPOSED ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING
HUMAN GENE THERAPY PROTOCOL ENTITLED: IMMUNOTHERAPY OF
MALIGNANCYBY IN VIVO GENE TRANSFER INTO TUMORS

Review-Dr. Haselkorn

Dr. Haselkorn reviewed the protocol submitted by Dr. Nabel stating that DNA has been

successfully injected directly into animal tissues. Dr. Nabel proposes to use techniques to

insert DNA into human melanoma cells, a procedure that has not been reviewed

previously by the RAC. Dr. Nabel requests permission to inject liposome-encapsulated

DNA molecules directly into the tumor. The expectation is that the conversion of a small

percentage of melanoma cells to express the HLA-B7 antigen will stimulate an immune
response, thus destroying the tumor.

Dr. Haselkorn said that he had several technical questions: (1) Will circular or linearized

DNA be used; if it is linearized, how will it be stored? (2) How will the optimal

composition of the DNA/liposome complex be determined? (3) How will the effects on

metastases be evaluated? (4) What are the immunological consequences of the mouse
experiments with Class I MHC surface protein and the transport of DNA in the nervous

system? (5) Will patients be immunized with HLA-B7 before the DNA transfer? and (6)

How will a destructive immunological response be mounted if only 1% of the cells in the

tumor express the HLA-B7 surface antigen?

Review-Dr. Murray

!'
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Dr. R. Murray described the protocol as a Phase I clinical trial to explore the safety and

efficacy of treating malignant tumors by incorporating the HLA-B7 antigen into the tumor

in order in evoke a T-cell response and tumor cell killing. Another goal of this protocol is

to determine the amount of DNA/liposome mixture that produces an optimal response

without producing toxic side effects.

Dr. R. Murray restated the concerns expressed previously by the HGTS in their review of

the protocol: (1) The composition of the DNA/liposome mixture. The investigators have

provided several publications regarding this composition. (2) The injection of the

liposomal material into the patients' tumors and subsequent entry into the blood stream

may cause an abnormal cardiac response. The investigators provided data from murine

models demonstrating that there was no change observed in the heart rates or conduction

rates following injection of the DNA/liposome mixture. (3) The status of the plasmid

DNA used with the liposomes. The investigators have demonstrated that a majority of the

plasmid DNA is non-linearized. It is unclear whether the immunologic response is

improved when the plasmids are not linearized. The data indicates that an immunologic

response is observed even when the plasmids are not stably integrated. However, there is

concern that the DNA will be carried to other tissues if it is not linearized. The
investigators plan to monitor DNA distribution by PCR analysis on a variety of tissue

specimens and conduct post mortem analysis on patient's tissues. (4) The dose-response

involves escalating injections to four groups of patients using similar volumes of

DNA/liposome material. For each group, a different volume and injection schedule has

been outlined over a two week period.

Dr. R. Murray said that the patients will be closely monitored to observe whether or not

toxic side effects occur and to determine at what point such effects would preclude the use

of the therapy. Grade 1 and 2 toxicity levels are considered acceptable. Hopefully, at

these levels a tumor response will be observed. In accordance with this result, there will

be a series of biopsies to be carried out pre- and post-therapy. There was considerable

HGTS discussion about the number of such biopsies and their timing in order to

determine the extent of tumor regression. The integration status of the plasmid will be

monitored. There was concern about the safety of this vector because there might be open

reading frames that could encode oncogenes. The vector sequence was analyzed by Dr. D.

Miller where there was no evidence of open reading frames and the proposed vector is

relatively safe.

The consent form has a statement about protection of confidentiality under what is called

"other pertinent information." It states that: "We will make every effort to protect your

confidentiality. But because of media interest, there is a significant chance that

information concerning you and your treatment will appear publicly without your consent."

Dr. R. Murray said there is a concern as to exactly what is meant by patient
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"confidentiality." Dr. Nabel has addressed most of the serious concerns of the HGTS. Dr.

R. Murray said that he would recommend approval of the protocol after Dr. Nabel

addresses the issues raised by the reviewers.

Review-Mr. Mannix

Mr. Mannix described the protocol as involving in vivo modification of human cells. This

protocol represented an incremental step in gene therapy with several reassuring features.

The treatment is relatively safe based on the fact that the transfecting agent is not a virus

but a DNA-containing liposome with no capacity to reproduce for prolonged survival in a

potent form. The patients have a life expectancy of six months and no reproductive

capacity. There is essentially no public health risk associated with this protocol. There

are still some concerns regarding the therapeutic mechanism of this treatment.

Presentation-Dr. Nabel

Dr. Nabel responded to Dr. R. Murray's comment by confirming that the investigators will

be using liposomal transfection rather than direct retrovirus infection. Dr. Nabel stated

that it was his interest in transcription factors and how they regulate gene expression in

vivo that led the investigators to attempt site-specific gene expression in vivo. Removing
cells, transducing them in vitro

,
and reintroducing them into experimental animals cost the

investigators time and the character of the cells was often changed, therefore, direct

introduction of genes would be preferable. In subsequent studies, retroviral transduction

was compared to direct DNA/liposome introduction into the aortic vessel walls using a

catheter technique. This technique provided a quick, convenient method for achieving

site-specific gene expression in vivo. By introducing this material under carefully

controlled conditions and maintaining a transluminal pressure gradient across the vessel

wall, the DNA could be introduced into the animal's artery.

Dr. Nabel showed an in situ autoradiogram illustrating a DNA/liposome complex that was

radiolabeled with S
35

demonstrating a gradient of radiolabeled DNA across the vessel wall.

Gene expression was detected in all three layers of the vessel wall. He described

experiments that demonstrated the induction of immune response as a result of the

introduction of a foreign MHC gene, HLA-B7, into the arterial vessel wall in a pig animal

model. The observed immune response was extremely potent as well as focal; therefore,

creating an initial response to the foreign gene that stimulates local tissue damage and

injury which in turn creates a localized processing and presentation of the foreign antigen

that creates the inflammation seen in the vessel wall. In time, the inflammation

completely dissipates.

Dr. Nabel said that it was the profound inflammatory response seen in the pig model that

[344] Recombinant DNA Research, Volume 15



Recombinant DNA Advisoiy Committee - 2/10-11/92

led to development of the allogeneic mouse model. The investigators incorporated the

knowledge gained concerning localized inflammatory response resulting from direct

introduction of a foreign gene, and applied it to tumor-specific responses. A murine colon

carcinoma, CT26, was injected into the flank of the mouse. When the tumor became
palpable, DNA/liposome complexes encoding for H2-Ks

(the foreign MHC gene) were

injected directly into the tumor. Beta galactosidase was injected into the tumors of control

animals. These experiments were also performed using retroviral vectors as delivery

vehicles. Results demonstrated that not only were cytotoxic T lymphocytes capable of

lysing the tumor cells which contained the introduced H2-Ks
gene, but unmodified CT26

tumor cells were also killed. This result suggested that the most likely mechanism of

action by which this process was occurring was that the immune system was upregulating

the expression of its tumor antigens.

Dr. Nabel showed data supporting the conclusion that this action is T lymphocyte and LY2
cell mediated. Data were presented showing that the LY2 cell activity could be blocked

almost completely by incubation with the anti-LY2 antibody. Therefore, the mechanism of

action may be T lymphocyte mediated and LY2 cell-dependent.

Dr. Nabel summarized the data from a number of mouse experiments. Whether
preimmunized or not, the H2-Ks

injected mice responded better than the beta

galactosidase controls. A responder was defined as having a greater than 50% reduction

in tumor diameter at three weeks following introduction of the tumor. A greater than

50% reduction was observed in the weakly immunogenic tumor, MCA 106. The response

is variable after stopping treatment, tumors recur about 50% of the time. Following

retreatment, the tumors usually disappear. Other animals exhibit complete regression of

their tumors with no evidence of recurrence. The incidences where the tumor does not

regress completely is probably due to the failure of the MHC gene to insert into cells at

the margin of the lesion.

Dr. Nabel described his research on nude mice. If the same experiments are conducted

with either CT26 or MCA 106, there is no protection when using beta galactosidase or H2-
Ks

genes. Experiments have been conducted in normal mice where either the CD4 subset

or the CD8 subset of T lymphocytes have been depleted. Protection is lost when the CD8
subset is depleted. The final control experiment was designed to ask whether deletion of

the polymorphic region of the Class I gene would affect protection. Presumably, the

immune response is found in the polymorphic region. Indeed, deletion of this region

yielded no protection when compared to the wild type controls. This data confirms that

the observed response is probably T lymphocyte mediated and that the alpha 1 and alpha

2 domains of the Class I molecule are required for protection.

Dr. Nabel described the proposed mechanism. Probably, a foreign Class 1 MHC gene is
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created and processed. The peptide fragments from these foreign molecules are presented

on self MHC genes, Class I and II. Initially, there is a phase where these foreign MHC
genes are recognized within the substance of the tumor as being foreign which induces an

immune response. Subsequently, there is a substantial local cytokine release. This

endogenous release of cytokine enhances the ability of the immune system to process

tumor antigens. This mechanism allows these native tumor antigens to be presented more
efficiently to the immune system and then to be lysed by CD8(+) T-cells. Currently,

cytokines are being administered in combination with the foreign genes to determine if a

more effective response can be elicited.

Experiments have been conducted in normal mice where either the CD4 subset or the

CD8 subset of T lymphocytes is depleted. Protection is lost when the CD8 subset is

depleted. The final control experiment was designed to ask whether deletion of the

polymorphic region of the Class I gene would affect protection. Presumably, the immune
response is found in the polymorphic region. Indeed, deletion of this region yielded no

protection when compared to the wild-type controls.

Dr. Nabel then summed up the advantages of their research: (1) a non-viral vector is

being used; (2) the form of treatment is relatively simple; (3) a liposome complex

prepackaged in sterile vials is used; (4) safety and toxicity tests have shown no

complications; (5) the injection is not invasive, just intratumor; (6) sensitive indicators of

recombinant gene expression in vivo are available; (7) the expression of the recombinant

gene is self-limited; (8) there is no chance for unregulated expression of a growth

stimulatory gene; and (9) there are not many other therapeutic options for this patient

population.

Dr. Nabel described the implications of this research and future goals. A catheter delivery

system will be used to introduce the gene into the blood supply of the tumor. The
catheter will allow access to metastases and focal lesions. Adjuvant cytokine

administration will be used to further amplify the immunologic process. Anti-angiogenic

factors will be used to inhibit the effect of normal angiogenic gene products. Tumor
antigens will be observed for their effect on the immune response in vivo. The ultimate

goal is to be able to introduce these beneficial genes into patients at a time when the

genes can be most beneficial, either before the patients have a tumor or very early in the

life of the tumor. In conclusion. Dr. Nabel said that these experiments demonstrate that

not only can an immune response be initiated against a tumor, but a systemic immunity

against the tumor can be achieved which can be transferred from one animal to another.

Dr. Nabel addressed a question raised by the HGTS concerning the form in which DNA
enters the cell. Dr. Nabel responded that it is episomal. Dr. Haselkorn asked Dr. Nabel

if the DNA would be linearized. Dr. Nabel said that no plans had been made to linearize
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the DNA.

Dr. R. Murray restated his concern regarding the protection and confidentiality of the

patient in the consent form. Dr. Nabel responded that it is best to acknowledge the

possibility that the patients' identities might become public; however, every attempt will be

made to protect their identity. Dr. R. Murray asked if the patients would be in a clinical

research unit. Dr. Nabel answered that for the most part patients would be treated as

outpatients.

Dr. Haselkom asked how the investigators would evaluate the optimal composition of the

DNA/liposome complex. Dr. Nabel said that each time a new batch of DNA/liposomes is

prepared, the investigators have titered it on human melanoma and other lines. So far, the

results have been very reproducible. As a result of these studies, 1 microgram of DNA
and 7.5 nanograms of liposomes are routinely used; this quantity allows for optimal

infection of a variety of cell types.

Dr. Haselkom asked if HLA-B7 expression has been studied in mice. Dr. Nabel

responded that the investigators have been unsuccessful in expressing this antigen. Dr.

Haselkom asked about transport of the DNA into the central nervous system and multiple

sclerosis in autoimmune disease. Dr. Nabel said that PCR analysis of brain tissue has

been performed, as well as in situ autoradiography, and low levels of plasmid were found

with no pathology in the brain. Dr. Haselkom then asked whether Dr. Nabel would be

doing an immunization with HLA-B7. Dr. Nabel said that preimmunization would not be

performed in these Phase I studies. Preimmunization would not allow an immune
response to HLA-B7 to be used as an indicator of gene expression.

Dr. Carmen requested that the following wording be changed in the consent form. Dr.

Nabel agreed. The wording reads as follows:

"By using techniques in the laboratory it is now possible to prepare large amounts of

human DNA or genetic material in bacteria. This DNA will be mixed with fat

bodies called liposomes, and we plan to transport the mixture into your tumor by a

bacterial carrier or delivery system. Also included in this package is a separate

bacterial gene which helps us trace the location of the DNA/liposome mixture.

Once introduced into the tumor the DNA produces a protein which stimulates tissue

rejection. This protein, known as HLA-B7, causes the cells which will contain it to

be recognized as a foreign enemy by your immune system. The purpose of our

study is to determine whether this treatment will induce the cells of your immune
system, known as lymphocytes, to attack and kill your tumor."

Dr. Krogstad asked about the other cells that will be transfected and that express the
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HLA-B7 antigen. Dr. Nabel responded that other cells also incorporate the MHC gene
and express it. The immune system will respond to these cells, resulting in a beneficial

effect due to mobilization of the immune system against the tumor. It is possible that the

local microcirculation could be compromised. Toxicity studies demonstrate that there is no
gene migration to vital organs resulting in damage.

Dr. Haselkom asked about evaluating the effects of treatment on multiple metastases. Dr.

Nabel explained that as many of the tumors would be followed as possible. The protocol

provides for CT scans of the chest and abdomen so that visual sites can be monitored as

well. Although one cannot rule out any protective systemic effects of this treatment,

studies have shown that the treatment will not cause large contralateral tumors to regress.

The goal of this Phase I trial is to acquire data to aid in the determination of the optimal

dosage to achieve expression of the recombinant gene.

Dr. Hirano asked why the patient population is limited to those with an expected survival

of one year. Dr. Nabel answered that this population was chosen in order to confirm

expression and ensure safety in a limited population of patients.

Committee motion

Dr. R. Murray moved that the protocol be approved including the language change to the

consent form recommended by Dr. Carmen. Ms. Buc seconded the motion. The motion

passed by a vote of 13 in favor, 0 opposed, and no abstentions.

VII. FUTURE ROLE OF THE HUMAN GENE THERAPY SUBCOMMITTEE/AMEND
POINTS TO CONSIDER/AMEND NIH GUIDELINES SECTIONS III-A AND IV-C

Review-Dr. R. Murray and Mr. Mannix

Dr. R. Murray reported the findings of the Working Group on the Future Role of the

RAC. The working group was composed of Drs. Childress, B. Murray, Wivel, and himself.

The working group held a conference call on November 13, 1991, to discuss the future role

of the HGTS. During the HGTS November 1991 meeting, the working group suggested

that the HGTS phase out of existence. The human gene therapy transfer proposals will be

reviewed by the RAC; those members of the HGTS who are not currently members of the

RAC and who are eligible would become RAC members. To compensate for the

additional workload, the RAC could possibly hold additional meetings per year. There

was a discussion about the transition of HGTS members onto the RAC. One option that

was presented was to have the HGTS members become non-voting members or ex officio

members, allowing immediate participation with the RAC. As RAC members' terms were

completed, the HGTS members could assume full member status. A plan for phasing out
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the HGTS could be developed following the February RAC meeting.

Some HGTS members were concerned that the RAC would lose the expertise represented

on the HGTS, and that the new arrangement would not actually shorten the review

process. Some members stated that the dissolution of the HGTS might even increase the

time required for reviews, especially if an investigator was asked to reappear before the

RAC one or two times. One suggestion, which was quickly tabled, was to hold the HGTS
meetings the day before the RAC meeting. It was then suggested that the HGTS
gradually relinquish its responsibility to the RAC over the course of a year while

immediately relinquishing review of human gene therapy protocols. This transitional year

would allow the HGTS to continue the study of data management issues and to research

the matter of germ line gene therapy. The HGTS unanimously approved a motion to be

presented to the RAC that the HGTS should be dissolved.

Committee motion

Mr. Mannix read a draft motion on this transition:

"Whereas, the RAC recognizes a change in the nature of its workload that entails a

greater number and scope of experiments involving human subjects and a concurrent

decline in the review of experiments that do not involve humans;

"Therefore, in the interests of continuity and consistency in the RACs standards of

review, improved communication with the research community, economy, and

timelines of its review procedures;

"Be it resolved, that the Director should take the following steps to integrate the

RAC and the HGTS over the next year:

"1. The membership of the RAC should be realigned so that it includes a greater

expertise in human gene transfer and the scientific, medical, ethical, and

social issues surrounding it, while ad hoc consultants are used to supplement

that expertise as needed to address other areas within RACs purview.

"2. This realignment should be achieved by appointing to full membership in the

RAC all of those members in the subcommittee who are not already members
of the RAC, as soon as the expiration of an incumbent's term will allow. In

the meantime, all subcommittee members should attend the RACs meetings

and participate as fully as possible as ad hoc consultants, pending full

appointment to the RAC.
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"3. Beginning with the June 1992 meeting of the RAC, all new proposals for

covered experiments should be forwarded directly to the RAC instead of to

the HGTS. Proposals pending at the March 30-31 meeting should be
continued to be considered at that meeting. ORDA should plan to schedule

four meetings per year of the RAC (or as many as six, if necessary), and
should encourage researchers to take advantage of the opportunity to develop

proposals that are complete and able to be approved in a single meeting

when possible. ORDA should also encourage Institutional Biosafety

Committees (IBCs) to become more familiar with the Points to Consider and
to play a greater role in the substantive review of human gene transfer

experiments.

"4. During the transition year, the HGTS should continue to operate as a

subcommittee of the RAC. It should review our experience to date with

human gene transfer and develop recommendations for changes in the Points

to Consider or other recommendations in light of that experience. The
subcommittee should also consider various types of human gene transfer

experiments that may arise in the next several years and recommend ways
RAC should anticipate them, paying special attention to experiments that

might affect germ line cells.

"5. In accordance with Dr. Wivel's letter of December 23, 1991, the NIH
Guidelines should be amended to reduce from 30 days to 15 days the RAC's
requirement for notice of meeting or a notice of proposed action, and

references to review by the subcommittee should be removed or amended to

refer instead to review by the RAC."

Dr. R. Murray seconded the motion and suggested that references in the motion to "gene

transfer" be amended to add "therapy." Mr. Mannix agreed to the friendly amendment.

Ms. Buc opposed changing of the notice of meetings and proposed actions requirement

from 30 to 15 days. A longer period of notification to the public concerning meetings is

necessary. The RAC will be discussing more controversial issues, and the public's

opportunities to comment have been reduced from two to one.

Dr. Wivel suggested that since the NIH Director is not directly involved in taking the

action, the word "Director" should be removed. The motion would read from "Be it

resolved, that the Director should take the following steps. .
." to "Be it resolved, that the

following steps. .
." The second point is that the appointments to the RAC are made by

the Secretary of Health and Human Services (HHS); the appointments are not automatic,

and this point should be stated clearly in the motion. Budget constraints on travel will
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influence the number of RAC meetings and whether the HGTS will continue to meet this

year to perform its transition tasks.

Dr. R. Murray suggested in paragraph two that the phrase "realignment should be achieved

by appointing to full membership of the RAC to read "realignment should be achieved by

recommending full membership of the RAC.” Dr. Gellert suggested in paragraph 1 that

the phrase "the membership of the RAC should be realigned so that it includes a greater

expertise in human gene transfer" to read "the membership of the RAC should emphasize

expertise in human gene transfer."

Dr. Geiduschek raised a concern about the HGTS members voting in the interim period

before they become full RAC members. Dr. Wivel stated that in order to implement that

procedural change, the HHS Secretary would have to amend the RAC Charter.

Dr. Walters gave some historical perspective to the idea of merging the HGTS with the

RAC. The RAC was correct in creating a working group and then the HGTS to review

human gene therapy protocols. In the meantime, RAC has dismissed some of its other

spheres of responsibility and began focusing on gene therapy. There has been difficulty in

communication between the two bodies which were reviewing the protocols. Therefore, it

is a logical step to merge the two. Members of the HGTS would like to continue to

contribute. Possibly, the HGTS could look at future issues, i.e., planning issues relating to

germ line issues and streamlining the review process.

Dr. H. Miller stated that changing the 15-day notification of RAC meetings would provide

greater flexibility in reviewing protocols. Dr. Wivel added that changing the wording does

not preclude giving more than 15 days notice.

Dr. Brinckerhoff discussed setting guidelines for investigator presentations, especially

concerning length. Dr. R. Murray stated that the RAC should allow the investigator more
flexibility to present his/her material without time constraints.

Dr. R. Murray suggested language to the motion under paragraph 4, the transition section:

"During the transition year, the members of the HGTS should continue to contribute to

the work of the RAC." This modification in language allows the RAC to recall the HGTS
or just a few members to contribute to special issues.

Dr. Anderson responded to Ms. Buc's earlier concerns about germ line gene therapy. The
Points to Consider clearly states that germ line proposals will not be considered at this

time. These early discussions about scientific, ethical, and social issues are merely a

prelude. No one will even be contemplating this type of approach for several years.
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Dr. Mclvor stated that initially he was not in favor of merging the subcommittee with the

parent committee. At the outset, human gene therapy/transfer protocols needed two

reviews. However, recent protocols have required few revisions and several could have

been approved with only one review necessary. Now he would vote in favor of this

motion, although the RAC needs to be prepared to recommend deferrals of protocols.

Dr. B. Murray read the changes to the original motion. In the introductory paragraphs,

the phrase "that the Director should take" is deleted. Under number 1, the phrase under

membership, "the membership of the RAC should be realigned so that it includes a greater

expertise," will read "the membership of the RAC should emphasize expertise." Under
number 2, the phrase "this realignment should be achieved by appointing to full

membership in the RAC' will read "this should be achieved by recommending full

membership in the RAC." Under number 4, the phrase "the HGTS should continue to

operate as a subcommittee of the RAC" will read "the members of the HGTS should

continue to contribute to the work of the RAC." Under number 4, the phrase "it should

review our experience" will read "they should review our experience." Under number 4,

the phrase "the subcommittee should also consider various types" will read "the members
of the subcommittee should also consider various types."

All the "transfers" in the motion will change to "transfer/therapy." Dr. Walters suggested a

change under number 3 in the phrase "ORDA should also encourage IBCs to become
more familiar" to read "ORDA should also encourage IRBs and IBCs to become more
familiar." Dr. Post suggested deleting under number 3 the phrase "proposals pending at

the March 30-31 meeting should be continued to be considered at that meeting." Dr. B.

Murray said if this phrase is deleted, the Office of Recombinant DNA Activities (ORDA)
can determine if there will be a March meeting depending on budget constraints.

The motion, with amendments, was passed by a vote of 14 in favor, 0 opposed, and no

abstentions.

VIII. PROPOSED AMENDMENT TO APPENDICES B-I-B-l AND B-I-B-2 OF THE NIH
GUIDELINES REGARDING THE BACTERIAL ORDER, ACTINOMYCETALES

Review—Dr. Krogstad

Dr. Krogstad reported that the RAC Working Group on Actinomycetales held a telephone

conference call on November 13, 1991, to develop a list of pathogens. Other working

group members included Drs. B. Murray, Fleming, and Schaechter. Originally, a list of 19

organisms was developed. This list included both the proven pathogens identified by the

Centers for Disease Control (CDC) and the suspected pathogens identified by the CDC
that were also part of risk group 2 (Biosafety Level 2) in the German classification,
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Klassifizierung Der Bakterien Nach Den Im Ungang Mit Ihnen Auftretenden Gefahren. These

organisms are as follows:

Actinomadura madurae, Actinomadura pelletieri, Amycolata autotrophica,

Dermatophilus congolensis, Gordona bronchialis, Gordona sputi, Nocardia asteroides,

Nocardia brasiliensis, Nocardia otitidiscaviarum, Nocardia farcinica, Nocardia nova,

Nocardia transvalensis, Nocardiopsis dassonvillei, Rhodococcus equi, Rhodococcus

aichiensis, Rhodococcus chubuensis, Rhodococcus rhodochrous, Rhodococcus ruber,

Streptomyces somaliensis.

Alternatively, CDC established a list of organisms representing only proven pathogens

reads as follows:

Amycolata autotrophica, Dermatophilus congolensis, Nocardia asteroides, Nocardia

brasiliensis, Nocardia otitidiscaviarum, Nocardia transvalensis, Rhodococcus equL

The working group agreed that the RAC should recommend approval of the CDC list of

proven pathogens, a list that excludes suspected pathogens and opportunistic pathogens.

Committee motion

Dr. Krogstad made a motion for the RAC to accept the proven pathogens of the bacterial

order, Actinomycetales, to be added to Appendix B-I-B-l, Bacterial Agents of the NIH
Guidelines :

Amycolata autotrophica, Dermatophilus congolensis, Nocardia asteroides, Nocardia

brasiliensis, Nocardia otitidiscaviarum, Nocardia transvalensis, Rhodococcus equi

The following organisms will be deleted from Appendix B-I-B-2, Fungal Agents:

Actinomycetes (including Nocardia species), Actinomyces species, and Arachnia

propionica).

Dr. Gellert seconded the motion. The motion passed by a vote of 13 in favor, 0 opposed,

and no abstentions.

X. AMENDMENT TO APPENDICES B-I-C-l AND B-I-B-l IN THE NIH GUIDELINES
REGARDING MYCOBACTERIUMAVIUM

Review-Dr. Krogstad

Recombinant DNA Research, Volume 15 [353]



Recombinant DNA Advisory Committee - 2/10-11/92

Dr. Krogstad stated that a request was being made to change the classification

Mycobacterium avium from a Class III to a Class II bacterial agent. This change in

classification would bring the NIH and CDC biosafety guidelines into conformity with one

another.

Review-Dr. Hirano

Dr. Hirano stated that the basis of this request resides in the fact that CDC-NIH biosafety

guidelines that were published in 1984, recommended Biosafety Level 2 practices for M.
avium. M. avium is ubiquitous in nature, a common contaminant in the soil; and there is

no evidence that direct transmission occurs between humans.

Committee motion

Dr. Hirano made the motion to lower the classification of Mycobacterium avium from a

Class in bacterial agent to a Class II bacterial agent. M. avium would move from

Appendix B-I-C-l to Appendix B-I-B-l in the NIH Guidelines. Dr. Krogstad seconded.

The motion passed by a vote of 14 in favor, 0 opposed, and no abstentions.

X. PROPOSED ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING A
HUMAN GENE THERAPY PROTOCOL ENTITLED: A PHASE I/II STUDY OF
CELLULAR ADOPTIVE IMMUNOTHERAPY USING GENETICALLYMODIFIED
CD8+ HIV-SPECIFIC T-CELLS FOR HIV-SEROPOSITIVE PATIENTS UNDERGOING
ALLOGENEIC BONE MARROW TRANSPLANT

Review—Dr. Mclvor

Dr. Mclvor stated that this protocol was unconditionally approved by the HGTS. The
protocol has been devised for patients who are human immunodeficiency virus (HIV)

positive and undergoing BMT for lymphoma. The BMT would be conducted to eradicate

the lymphoma, eliminate some HIV-infected cells, and prevent the spread of acquired

immune deficiency syndrome (AIDS). The patients would also receive the antiviral agent,

azidothymidine (AZT). Additionally, the patients would be treated with clones of T-cells

that have been activated in vitro against the HIV gag protein. The T-cells would be

expanded in culture and then reinfused into the patient following bone marrow
engraftment.

The T-cell clones could demonstrate substantial cytotoxicity since a number of different

tissues are infected with HIV. Before the T-cell clones are reinfused, they will be

transduced with a recombinant retrovirus which was constructed by ligating the hygromycin

phosphotransferase (Hy) and herpes simplex virus thymidine kinase gene (HSV-1 TK). If
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all of the cells express the HSV-TK gene, the researchers could selectively ablate

problem-causing cells by administering ganciclovir. Using the TK function as an ablatable

marker, introduces a new concept in safety regarding gene transfer into human somatic

cells.

Dr. Mclvor explained that HSV-TK is not just a standard TK gene which is being inserted

into the cells, but a fusion protein between TK of HSV and hygromycin

phosphotransferase (hph), which is similar functionally to the neomycin resistance gene.

HyTK is a fusion protein that has two separate functions. The retrovirus is a standard

LTR-based construct similar to LNL6 and GIN. The investigators have established that

this fusion protein will be effective.

Another concern relates to cells expressing TK; there will be a low but measurable

mutation frequency to TK-deficiency. In somatic cell genetic studies, this measurement
turns out to be on the order of 1 in 10

6
cells. If there was a mutation frequency to

ganciclovir resistance of 1 in 10
6
cells among those T-cells that would be reinfused, that

frequency would probably not cause problems in these patients.

As far as the retroviral vector is concerned, it is a standard retroviral vector, similar to

LNL6. There are some additional sequences which have been removed in comparison to

LNL6 that probably make the vector safer in terms of recombinational activities that could

lead to the establishment of replication-competent helper virus in the producer cell line or

in the transduced cell clones.

T-cell clones represent a new target cell population other than heterogeneous lymphocytes

which have been reviewed previously. Since extensive in vitro manipulation could change

the character of these cells and pose a risk to the patient, the investigators have inserted

an ablatable gene. Therefore, there should not be any increased risk to the patient. The
original protocol did not include in vitro data which substantiated the ability to generate

and transduce T-cell clones. However, the investigators did present an in vivo experiment

in mice demonstrating that infused congenic lymphocytes were transduced with HyTK
construct and subsequently ablated with ganciclovir administration.

Another issue relates to the administration of ganciclovir to these patients. BMT
recipients frequently receive ganciclovir for the treatment of cytomegalovirus (CMV)
infections. Following a discussion at the HGTS meeting, these patients will not be given

ganciclovir prophylactically, as is the practice for some BMT patients. However, if the

patients develop a CMV infection, these patients will be given ganciclovir immediately,

although this treatment would obviously preempt continuation of the research protocol. In

conclusion, the protocol introduces a new concept by inserting a gene with an ablatable

function into a cell population that could have some therapeutic benefit to the patient
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while allowing the physician some recourse if there seems to be some problem associated

with the treatment.

Review—Mr. Barton

Mr. Barton had two concerns about the protocol: (1) the development of lymphocytes in

the presence of HIV virus, and (2) if the in vitro would be affected because of the presence

of HIV antibody-producing components. The consent form has been satisfactorily revised

to clarify that the inserted genes were providing a combination of marker function and the

suicide gene function.

Other comments

Dr. Krogstad asked Dr. Greenberg to address the transition from the in vitro studies to the

in vivo situation, and the likelihood that the ganciclovir strategy might not succeed because

of the increased complexity of the in vivo situation.

Dr. Post asked how long the procedure is for cloning and transduction, and he expressed

concern about the risks of waiting for a BMT. There is evidence that two foreign proteins

are likely to be immunogenic and that adding this gene may actually decrease the benefit

from receiving transduced CD8 cells.

Presentation—Dr. Greenberg

Dr. Greenberg said that there is no reason to believe it will not be possible to reconstitute

virus-specific immunity to HIV. Several reasons dictate the importance of using T-cell

clones, including the ability to reconstitute immunity and to evaluate the effects of the

procedure. The goal of the study is to reconstitute HIV-specific immunity in patients

undergoing BMT. The nature of the problem is that there is now a large population of

HIV-seropositive patients who are living much longer than their initial diagnosis.

Subsequently, B-cell lymphomas are being identified more frequently in these patients

since they are living longer. According to a recent study in the Journal of the National

Cancer Institute
,
there will be about 10,000 cases of non-Hodgkin's lymphoma in 1992, 25%

of which will be HIV-related.

Based on this data, allogeneic BMT is being proposed as a potential therapy for patients

who are HIV seropositive (but otherwise healthy) and have an histocompatibility antigen

(HLA)-matched sibling as a potential bone marrow donor. The rationale for this proposal

is that the lymphoma that occurs in these patients has been shown to be resistant to

standard chemotherapy. Data in this area suggests that BMT with high-dose chemotherapy

in combination with radiation therapy provides only a 40% chance of curing patients with
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lymphoma that are not HTV seropositive.

Hematopoietic cells are the major reservoir for HIV; in BMT, infected cells are replaced

by noninfected donor cells. Therefore, the idea developed that it might be possible to

perform BMT followed by administration of AZT in order to prevent infection of the

newly infused cells. This procedure is taking place in several BMT centers.

Dr. Greenberg outlined a few problems associated with this procedure. The first problem

is that AZT is not likely to be fully effective in eliminating the virus since BMT patients

can only tolerate low doses of AZT. Also, there are HTV strains that are AZT resistant.

The question is whether there is a way to add an additional antiviral agent in this setting

that would provide better protection to the patient and not cause some of the toxicities

that are usually associated with the drugs used to treat viral diseases.

Dr. Greenberg said that patients with HIV typically have a cytotoxic T lymphocyte (CTL)
response to their virus. There are data suggesting that this response is important for the

patients' ability to delay progression of the disease. In other diseases, a CD8 response

(CTL response) prevents viral diseases and serious infections.

Previous studies have shown that patients with cytomegalovirus (CMV) who have

undergone BMT develop severe infections because of the lack of the CTL response to the

virus. Presumably, if the response could be reconstituted for CMV, the development of

this disease could be prevented. This type of reconstitution could be extended to HIV
infection. The endogenous response that exists in a patient will be ablated by the same
conditioning regimen that ablates the rest of the hematopoietic system; the patient will no
longer have the CTL response to the virus. Additional antiviral activity may be provided if

the CTL response can be reconstituted.

Dr. Greenberg discussed several issues relevant to HIV. The addition of a suicide gene

for these T-cell clones may provide some improved safety and make the study easier to

evaluate. It is very difficult to isolate T-cells specific for viral proteins in patients who
have not been exposed to the viruses. Clearly, an HIV-seropositive donor will not be used.

The virus-specific T-cells being isolated are rare, unprimed cells that presumably have

frequencies of less than 1 in 10
7
. Since the patient will have T-cells specific to the virus,

such T-cell clones can be isolated, expanded in large number, and then administered.

However, these clones may have a relatively short in vivo survival if the cells are

recognized as being foreign by the transplanted bone marrow cells.

The technology used to expand the clones, examine their DNA, and compare it to the

infused cells requires from several weeks to two months. This timeframe is not adequate

for analyzing patients when a rapid way of assessing whether these clones survive is
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needed. To overcome this obstacle, a PCR can be used to rapidly identify whether the

infused cells exist as long as there is a marker amenable to the use of the PCR primers.

In HIV, there are potential toxicities associated with the infusion of T-cell clones as with

many other viral diseases. Therefore, it is not possible to generalize that all T-cell

responses to all viruses are beneficial.

In HIV, there are a couple of settings in which an efficient T-cell response to the virus is

potentially problematic. Infusing T-cell clones which are very reactive to the viral antigens

can result in lysis of all recognizable target cells. There is a potential interval for

exuberant response, minus some toxicity. HIV is capable of infecting hematopoietic stem

cells, which are what repopulates the patient bone marrow. If the patient produces a very

efficient response capable of ablating all those cells, the bone marrow is eliminated and

death ensues. Also, the HIV virus can infect microglial cells in the brain. There are a

number of murine models in which the T-cell response to a control nervous system (CNS)
infection causes CNS dysfunction. There are data that suggest that this response could

occur with HIV infection of microglia in the brain when there is an over exuberant T-cell

response. If the patients experience exuberant response and significant CNS dysfunction

after the T-cell infusion, there should be a way to ablate these T-cells.

Dr. Greenberg described lymphocytic pneumonia, where the over exuberant immune
response causes too much inflammation. The HIV patients experience inflammation of

the lung which can cause obliteration of the air sac compromising the ability of the lung to

exchange oxygen. If this reaction occurs, T-cells could be ablated after administration. On
this premise, a retrovirus was constructed in which a single protein is driven off the viral

LTR conferring both positive and negative selection. Also, the T-cells expressing

hygromycin resistance would be expressing the HSV-TK function; therefore, the selection

for antibiotic resistance selects for the expression of the "suicide" gene.

Dr. Greenberg described an example of T-cell clones, specific for HIV, that were

transduced with HyTK and exhibited sensitivity to ganciclovir. Both the non-transfected

parent clones and the transfected HyTK clones survived in the absence of ganciclovir.

When exposed to relatively low doses of ganciclovir, virtually all HyTK clones were dead

in six days. The doses of ganciclovir used in vitro are below those levels that are

achievable in vivo.

Dr. Greenberg addressed selection of patients who would receive ganciclovir and how it

would affect their normal therapy. At one point, all patients who were undergoing BMT
were placed on a protocol in which they received ganciclovir prophylaxis to prevent CMV
infection. Results demonstrated that ganciclovir had substantial toxicity where there was

bone marrow suppression. Patients demonstrating bone marrow suppression would not be

eligible to receive ganciclovir. The only patients eligible to receive ganciclovir are those
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who develop evidence of CMV infection; this constitutes approximately one-third to one-

half of these patients. If patients are treated with T-cell clones, then acquire a CMV
infection, they will receive ganciclovir despite the fact that they are enrolled in this

protocol.

Patients who have received T-cell clones, in which no toxicity is observed, and who still

require ganciclovir to treat CMV infection can be infused with T-cell clones that do not

contain the ablatable gene. The ability to insert this gene does not impact on whether

these patients receive ganciclovir for normal therapeutic purposes. Before a study begins,

it will be predetermined that the TK gene can function as a suicide gene.

Dr. Greenberg addressed the issue of whether patients can survive long enough to undergo

this type of therapy. Soon after the BMT, the patients need to start treatment. If patients

are treated prophylactically with CTL clones specific for CMV, it has to be a rapid

process. Techniques have been developed that allow the rapid and efficient growth of T-

cell clones. These clones are ready to infuse 35 days post-BMT. The intention is that the

patient's BMT will not be delayed as a consequence of the initiation of the study. The T-

cell therapy should not impact the time required from the time the patient is identified to

the time of transplant.

Discussion

Dr. Greenberg addressed the role of the foreign gene, and whether the expression of the

foreign gene in the T-cells would impact on their survival in vivo. Although the study

cannot precisely assess this issue, it can determine whether the cells expressing these

proteins survive. If the T-cell clones are rapidly ablated because of the expression of the

proteins, then the investigators will ask whether alternative genes are superior to Hy or

HSV-TK genes in achieving long-term in vivo survival.

Dr. Greenberg addressed the issue of laboratory safety stating that all of the laboratory

workers have extensive experience in handling cells obtained from HIV seropositive

patients and employ universal precautions. With the nature of the procedure, cells

containing HIV will be in the laboratory for only a short period of time.

Dr. Greenberg addressed the informed consent issue and emphasized that a single

comprehensive form is used at the center rather than having many separate forms. Also,

patients participate in a formal conference where the family members and the physician

discuss all procedures.

Dr. Leventhal asked whether the vector being used would behave differently in a cell that

was free of the AIDS virus and whether the vector could become suddenly competent
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because it contained a retrovirus. Dr. Greenberg stated that the vector contained no viral

genes so there was no reason to suspect that the vector would become competent in the

presence of an HTV infection.

Dr. Kelley expressed his support for the study. Although conducting animal studies would
have been advantageous, it is not absolutely necessary. He asked Dr. Greenberg to

comment on lysis of the cells with ganciclovir used for the treatment of CMV and the risk

of acute renal failure or other side effects. Dr. Greenberg stated that the investigators

have extensive experience with T-cell depletion, both in animal models and humans. In

murine systems, depletion of whole T-cell populations produces no toxicity. Ganciclovir

treatment of transgenic mice with all mature lymphocytes containing the HSV-TK gene

causes no toxicity but does ablate the whole T-cell and B-cell compartments. In humans,

there are extensive data about T-cell depletions with anti-CD3, and some toxicity has been

observed. With this treatment, only the cells containing the gene should be ablated, which

is a relatively small population. It is unlikely that ablation might be associated with

toxicity; however, this issue will be included in the consent form.

Dr. Geiduschek inquired whether there is an effect on neighboring cells when dying

lymphocytes are being killed by ganciclovir. Dr. Greenberg said there is no evidence of

such toxicity except for cells that release cytokines when killed. There is very little

evidence that the death of cells produces any other toxicity. The best in vivo

demonstration occurs in transgenic mice where the entire lymphoid compartment expresses

TK and is ablated by ganciclovir to study the impact on other cells in a lymphoid-depleted

animal. The animals' cells, including the reticular endothelial system, appear quite normal.

There is little evidence to suggest that this topic should become an issue. Dr. Geiduschek

suggested that this response be passed on to the FDA staff.

Dr. Mclvor brought up another aspect of the protocol regarding AZT administration and

HSV-TK-positive cells. He inquired whether patients undergoing AZT therapy after the

T-cell clones are administered would metabolize AZT to a greater extent than patients

receiving untransduced T-cell clones. Dr. Greenberg stated that there is no evidence that

there is any difference in AZT sensitivity in the transduced versus the untransduced clones.

Dr. Doi inquired whether this type of reconstituted response experiment has been

performed in a model system (not necessarily for this virus, but another antigen) and how
long the response was maintained. Dr. Greenberg said that there are antigen-specific

clones in which survival can be monitored. Fifty percent of the activity can be recovered

within four to six weeks after the infusion. Post-infusion cells persist for a long time and

are effective in reconstituting immunity. Many laboratories have shown that T-cells are

not really immunogens. It is difficult to elicit significant immune responses to T-cells even

in the presence of an allogenic graft-versus-host (GVH) response. Even with GVH, these
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clones would persist; however, it is difficult to extrapolate from the CMV study whether

these cells will persist as long.

Dr. Krogstad asked Dr. Greenberg to briefly review the nature of the evidence that CD8
cells control HTV in terms of how much of the data is extrapolated from other viruses and

how much of it is actual in vivo experience with HTV. Dr. Greenberg replied that evidence

can only be extrapolated from other viruses; it is not possible to provide definitive data in

humans that the CD8 response is essential for HIV. However, there is a large amount of

data from other viruses. As AIDS progresses and CD4(+) cells are depleted, CD8( + )

cells become dysfunctional. It is likely that there is a loss of in vivo antiviral activity. It is

not possible to determine the importance until the responses are reconstituted.

Committee motion

Dr. Mclvor made the motion that the protocol be accepted; Dr. Haselkom seconded. Dr.

Carmen requested that several changes be inserted into the consent form. There are

changes in paragraph 3 under the heading, Background and Purpose (page 548, line 8 of

the RAC notebook). The original text is changed to read as follows:

"We will insert hereditary material (genes) into the lymphocytes to be used in

immunotherapy. The process of genetically modifying the lymphocytes involves

creating a special genetic or DNA package consisting of three component parts: (1)

a portion of a mouse virus which will serve as the delivery system and which cannot

reproduce itself; (2) a bacterial gene which will serve as a marker so we can locate

the modified cells; and (3) a portion of the herpes simplex virus gene which we
believe will perform important missions described below. We will deliver this

package into the genetic material of the HIV-specific lymphocytes."

On page 552 of the RAC notebook, the following changes were suggested: (1) on line 1,

paragraph 2, the word "mouse" is to be inserted in front of the word "virus"; and (2) on
line 8, paragraph 2, the word "bacterial" is to be inserted in front of the word "gene."

Dr. Leventhal requested additional changes in the consent form under the heading of

Potential Benefits (page 552 of the RAC notebook). The first two sentences would be

deleted and the final paragraph would read as follows:

"The HIV-specific lymphocytes are able to kill cells already infected with the virus

and it is hoped they will provide additional antiviral effects to those observed with

AZT. Adoptive immunotherapy is effective therapy for many viral diseases in

animal models and might provide long lasting immunity to HIV. The gene transfer

procedure will allow the investigators to tell where the cells that have been given
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back to you end up in your body, but this may be of no direct benefit to you. It may
help in understanding how to improve the outcome for BMT patients in general,

particularly those with immunodeficiency disorders."

Dr. Mclvor accepted the proposed changes of Drs. Carmen and Leventhal as amendments
to his original motion. Further discussion ensued regarding the issue of separating the

consent form into two separate forms: one for BMT and one for adoptive immunotherapy.

After considerable debate, it was agreed by the RAC and Dr. Greenberg that a single

form would be acceptable with the proviso that there be a clearly defined separate section

for adoptive immunotherapy. There being no other outstanding issues, the motion to

approve the protocol was passed by a vote of 16 in favor, 0 opposed, and no abstentions.

XI. AMENDMENT TO THE ADA PROTOCOL (CONTINUED)

The RAC returned to the discussion of the proposed amendment to the ADA protocol

presented the previous day by Dr. Blaese and tabled by the RAC. Dr. Murray reminded

the RAC that the discussion focused on the issue of whether the protocol should have

been an entirely new protocol or approved as an amendment to a previously approved

protocol. Dr. Leventhal was asked to reiterate her previous remarks concerning additional

information presented.

Dr. Leventhal stated that the new information confused the goals of the study. The aim of

the study is to attempt to produce a long-term cell line that will make ADA. As the

protocol is written, there is no ability to assess the effect of CD34( + ) cells on the immune
system of the patient because the investigators are already supplying ADA to the patient

via T-cells. The real goal is to determine whether cells from the CD34 lineage can be

identified in the peripheral blood, which is not an unreasonable goal. Restoring the

non-lymphoid hematopoietic cells' ability to produce ADA might improve the immune
system. The protocol has a reasonable goal which is to select CD34( + ) cells, transduce

them with the ADA gene, and then scan for progeny in the blood circulation. The
protocol design seemed satisfactory pending FDA approval of the new vector.

Dr. Mclvor reiterated that expression in the myeloid and erythroid lineages would only be

as beneficial as the PEG/ADA treatment. It would be an extracellular source of enzyme

for lymphocytes. The investigators still have not shown that they can accomplish

transduction of cells that are capable of generating lymphocytic lineages and that the

proposed vector is capable of providing ADA expression after cell differentiation. There

are no preclinical data demonstrating that the vector could convey ADA expression to

differentiated cells. Therefore, he could not vote for approval of this amended protocol.

Ms. Buc asked whether the purpose of the protocol was to track the cells or for
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therapeutic effect. Dr. Anderson said that the primary purpose of this protocol is therapy.

Ms. Buc asked what would be the measures of efficacy. Dr. Anderson responded that the

measures of efficacy would be the same as in the original protocol-immune function

studies and the clinical studies of the patient. In the amended protocol, the investigators

will be tracking all the hematopoietic cells, not just the T lymphocytes. Dr. Anderson
concluded that the only definitive evidence concerning the ability to track the cells will

come from the patients.

Dr. Gellert stated that the protocol is searching for positive results in a narrower window.

Since the current patients are largely reconstituted immunologically, it is unclear how the

protocol would determine the holes in the immune repertoire. Dr. Anderson responded

that the investigators have conducted many immune function studies, and most results are

not within the normal range. These data indicate that there are holes in the immune
system. The known holes are not dangerous; however, the danger is when the holes

cannot be found.

Dr. Dunbar added that there is an indirect method for determining the function of the

transduced T lymphocytes from the CD34( + ) cells. If the production of T lymphocytes

marked with the second vector increases over time, there is possibly a selective advantage

in vivo. This determination shows indirectly an advantage to T lymphocytes that originated

from transduced CD34( + ) cells.

Dr. Mclvor disagreed with the motion that the preclinical assessment for transducing

CD34( + ) cells is at the same stage as the T lymphocyte transduction. T lymphocyte

transduction was supported by experimental evidence in SCID mice that the ADA
expression vector provided lymphoid function. There is no comparable evidence for this

protocol. He asked how the distinction would be made between transduced lymphocytes

and lymphocytes generated from transduced stem cells. Dr. Anderson stated that detection

of ADA-B with the G1SAX vector in the granulocyte fraction would give the answer.

Obviously, the peripheral blood mononuclear cells would have to be fractionated. Dr.

Dunbar added that cells could be inserted into SCID mice in order to determine if marked
cells were expressing ADA. This experiment would require collaboration with other

laboratories.

Dr. Krogstad said that it is very difficult to judge this protocol as a treatment, although it

could be valuable as an experiment. After the experiment is conducted, it will be difficult

to determine whether the treatment has had a therapeutic outcome. Dr. Anderson agreed

that this procedure may not be therapeutic in the original two patients. In the absence of

a dramatic improvement, it would be difficult to find therapeutic effect.

Dr. Culver concurred that the beginning of the protocol is non-therapeutic and only
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involves administering a CD34 selected, gene-altered fraction to see whether the cells

differentiate and are in the peripheral blood. If this protocol is successful, the

investigators will begin to determine efficacy by stopping the T lymphocyte infusions and
looking for improvement or maintenance. Given the degree of illness in these children

and knowing that T lymphocyte infusions are beneficial, the investigators will minimize the

risks by continuing the infusions.

Dr. Post stated that he would not approve this amended protocol if it were the only

therapy being provided; however, since this new cell population will be administered in

conjunction with the original therapy, there is a strong likelihood that the investigators will

be able to learn a great deal from these experiments. He said that he was in favor of the

amendment.

Dr. R. Murray asked whether CD34( + ) cells might express ADA in vitro and not in vivo.

Dr. Culver stated that there is no way to determine if the gene will be expressed in vitro in

the lymphoid lineage, and the only in vivo model is the ADA-deficient child.

Dr. Mclvor said that it would be possible to transduce CD34(+) cells from an ADA-
deficient patient and then culture those cells until they differentiate into myeloid cells.

This cell population is a different lineage; however, it would be possible to test for ADA
expression in these second generation cells. This type of in vitro expression study could be

conducted to determine whether the vector is successful.

Dr. Kelley asked if these experiments could be performed using the nude mouse as a

model. Dr. Culver responded negatively. Nude mice have no thymus; therefore,

differentiation of lymphoid cells could not be examined. There is no reason to believe

that the myeloid lineages have any correlation to the lymphoid lineages. Dr. B. Murray

asked about the differentiation capabilities of CD34( + ) cells. Dr. Dunbar said that in in

vitro experiments, the cells form all the different types of myeloid lineage colonies, and

there are data from SCID mice indicating that cells differentiate into T lymphocytes.

With no further questions or comments, Dr. B. Murray called for a vote on the

amendment to the ADA protocol. The motion to approve the amended protocol passed

by a vote of 11 in favor, 3 opposed, and 2 abstentions. There was further discussion

concerning the patient consent form. Dr. R. Murray stated that he voted in favor of the

protocol even though the amended protocol does not have a therapeutic benefit; however,

important information could be gained from the amended protocol. The consent form

should reflect the probability that the addition to the protocol may not be of therapeutic

benefit.

XII. PROPOSED ADDITION TO APPENDIX D OF THE NIH GUIDELINES
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REGARDING A HUMAN GENE TRANSFER PROTOCOL ENTITLED:
RETROVIRAL-MEDIATED GENE TRANSFER OF BONE MARROW CELLS

\ DURING AUTOLOGOUS BONE MARROW TRANSPLANTATION FOR ACUTE
LEUKEMIA

Review—Dr. Doi

Dr. Doi explained that the purpose of Dr. Cornetta's protocol is to determine if the

transfer of leukemia cells during autologous BMT contributes to disease recurrence. This

method is being considered since only 25 to 30% of patients with acute leukemia are able

to undergo HLA sibling matched allogeneic BMT because of a lack of HLA-matched
donors. Disease remission in the autologous BMT method could be due to three

possibilities: (1) insufficient chemotherapy to eradicate the leukemia from the body; (2)

the transfer of malignant cells present in the transplanted marrow; and (3) a combination

of the first two reasons. The primary approach suggested by this protocol was to mark any

leukemic cells present in the bone marrow preparation with the LNL6 retroviral vector

which contains the gene coding for neomycin resistance prior to transplantation. At the

time of patient relapse, the leukemic cells would be examined for evidence of the marker

gene. If the marker is located, its presence would indicate that malignant cells were

present in the transplanted marrow preparation and that these cells were partially the

cause of the relapse.

Several aspects of this protocol have been described in previous protocols submitted to the

RAC. The experimental designs appear well planned, reasonable, and safe as far as the

retroviral-mediated gene transfer is concerned. Careful patient selection is noted, as well

as a thorough pretreatment evaluation. Also, the consequences of expression of the

marker gene are considered; and its use is deemed to be safe, while the expression of the

neomycin resistance gene does not exclude the use of other antibiotics. Several concerns

were expressed by the HGTS regarding the technical feasibility and possible difficulties in

interpretation of some aspects of the protocol. The concerns are: (1) the efficiency of

transduction of leukemic cells; (2) the survival of cryopreserved transduced leukemic cells;

(3) the limited examples of success in the transduction tests that have been conducted; and

(4) whether the data concerning relapse of the disease could be clearly interpreted from

the percentage of transduced leukemic cells that were transplanted and from the putative

number of cells that live to relapse. The above concerns were addressed by Dr. Cometta
in subsequent written data. Dr. Doi said that the HGTS had two concerns regarding the

patient consent form, both of these issues were addressed by Dr. Cometta.

Review—Dr. Brinckerhoff

Dr. Brinckerhoff discussed the issue of the consent form. The investigators need to change
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the terms "engrafted" and "harvested marrow" to make an understandable document for

the patient. Another area of concern was whether the transduced cells would survive the

freezing process. Dr. Cometta submitted data on an overnight freezing process. However,
in most instances, the transduced cells would be frozen longer. There is a concern about

the low percentage of transduced cells which could affect the results, particularly if only a

few malignant cells contribute to the relapse. There is also the issue of reimbursement to

patients for unanticipated injury. Indiana University officials indicated that they would not

rewrite the patient compensation clauses but did require written documentation of

insurance specifically for BMT. While this assures that the cost of the transplant will be

covered, it does not address coverage of unexpected injury.

Review—Dr. Carmen

Dr. Carmen stated that the protocol is markedly uncontroversial. Evidence shows that

there is no risk to human subjects. The HGTS had insisted that Dr. Cornetta agree to

three stipulations: (1) to add to the informed consent document the phrase that no new
information might be elicited from the research; (2) to provide proof that the transduced

cells would survive freezing prior to reinfusion; and (3) to develop statistics demonstrating

the probability that the experiment would be successful with such likelihood being a

function of the percentage of transduced leukemic cells transplanted and the number of

those cells that lead to relapse and to provide a stopping point after a certain percentage

of patient recipients have been monitored. Dr. Carmen stated that Dr. Cornetta has

fulfilled these three stipulations of the HGTS.

The HGTS recommended that Dr. Cornetta renegotiate with the Institutional Review
Board (IRB) concerning the consent form language which states that the patient would

receive no compensation if injured in the research and would be responsible for payment

of emergency medical treatment required as a result of the treatment. Dr. Cornetta

responded that discussions were held with the IRB, but no change resulted. Dr. Carmen
stated that compensation should not be an appropriate criterion for assessing Dr.

Cometta's protocol.

Other comments

Dr. Doi asked Dr. Cornetta if the percentage of transduced cells was sufficient and if the

sensitivity of the PCR was 1,000-fold more than necessary to detect the gene in the

leukemic cells. If Dr. Cornetta's assay is this sensitive, then the protocol is quite good.

Mr. Barton asked if there was excess overlap among the gene marking protocols being

used to study leukemia, if these different researchers would exchange data, and if such

data exchange would affect stopping points.
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Presentation—Dr. Cornetta

Dr. Cornetta explained the difference between his protocol and other similar protocols. In

this study, the patients are in second or later remission, a high-risk group. Seventy to 80%
of the patients will probably relapse from the disease. The sources of relapse could be

insufficient therapy that did not kill leukemia cells present in the body, leukemic cells in

the transplanted marrow, or combination of the two. This protocol attempts to prove that

autologous BMT is an effective treatment for acute leukemia and to explore areas for

treatment improvement. One possibility would be to have the marrow reinserted in the

patients and marked with the neomycin resistance gene to confirm that the marrow-

purging procedure has some scientific and biologic rationale. This procedure would
provide a tool for assessing purging methods to see if they are effective in removing

leukemic cells in the marrow.

Dr. Cornetta said the vector insertion in the normal marrow progenitor cells will be

examined and followed over time to determine the background rates for marking in

normal marrow. Leukemic cells of patients who relapse will be examined to determine

whether insertion of the vector into those leukemic cells was achieved.

Dr. Cornetta reviewed the patient profile. Patients must be between the ages of 18 and

65, must be able to give informed consent, must have a good performance status, must

have no evidence of active infection, and must undergo a fairly rigorous multi-organ

assessment prior to BMT. The patients must be in a second or later remission.

One week prior to the marrow infusion, a patient's cells will be examined by light

microscopy and cytogenetics, which is routine for any transplant. Negative control samples

will be collected; and PCR analysis will be performed to detect the LNL6 vector,

methylcellulose colony assays, replication-competent amphotropic virus assays, and

immunoassays for murine retrovirus. Samples will also be analyzed by Western blot to

ensure that the patient does not develop antibiotics to replication-competent amphotropic

virus.

If the PCR and methylcellulose assays are negative and if any of the viral studies are

positive, the marrow will not be infused. The studies would be repeated as the patient

reconstitutes; and if the patient relapses, these tests would be repeated. The sensitivity of

their PCR assay is equivalent to those in the literature. Detecting false positive results in

PCR is a problem. In the past, leukemic blasts from peripheral blood have been obtained,

marked with LNL6, and processed in his laboratory (some were sent to another NIH
laboratory for processing). The two laboratories obtained similar results regarding

sensitivity and the ability to isolate the DNA without contamination.
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Data were shown on marking normal marrow cells; consistent results were obtained from
two different laboratories. Dr. Cometta achieved 6 to 7% transduction efficiency, which

compares favorably with other laboratories. A difference was observed between marked
normal marrow and marked leukemic cells. Leukemic cell colonies in the methylcellulose

assay tend to vary from patient to patient and have a smaller number of cells. When the

colonies were plucked and examined by light microscopy, the leukemic cells could be easily

identified. Also, the leukemic colonies will be assayed for the neomycin resistance gene

using beta globin as a control. Another assay will be conducted to show that leukemic

cells are truly marked and not representative of marked marrow. This method will use

flow cytometry and cell sorting. Preliminary mixing experiments were performed using

gene marked K562 cells at 1% with normal marrow cells. Following cell sorting, LNL6
vector was identified by PCR and Southern blotting. The 3T3 amplification assay, which

detects replication-competent amphotropic virus, appears to be the most sensitive

biological assay. In addition to biological assays, Western blotting will be performed to

detect evidence of the viral envelope antigens.

Dr. Cometta addressed cell cryopreservation. When K562 cells were frozen for five

minutes, there was a significant rate of transduction. The transduction rate reached a

plateau at approximately one hour and then leveled off. When K562 cells were frozen for

two hours, there was a decrease in the growth rate; about half of the expected number of

cells resulted. Also, colony assay was performed on K562 cells that were frozen for 2

hours. This experiment yielded only 26% of the expected number of resistant cells. When
the transduction period was extended to four hours, the growth rate showed 67% of the

expected number of cells. The colony assay showed a 70% reduction in the number of

G418 resistant cells. Cryopreservation experiments demonstrated that transduction

efficiency would still be above the 1% level, which would provide very significant results if

malignant cells were present in the transplanted marrow. This experiment was repeated

using leukemic cells taken from two patients who had circulating peripheral blasts and who
had not undergone chemotherapy. The cells were transduced; no differences were

observed in transduction efficiencies of these cells. This result suggested that K562 cells

may be more sensitive to freezing than primary leukemic cells taken from patients.

Dr. Cometta stated that all of the suggested changes to the informed consent document

were incorporated except for the references to autologous BMT and harvest. The patients

will be introduced to this protocol only after they have agreed to undergo autologous

BMT. The gene marking protocol might influence the patients' decisions regarding

treatment. The investigators will explain the informed consent regarding autologous BMT
with the patient, and the patient must agree before he/she will be asked to participate in

gene marking. This separate informed consent document is for autologous BMT that

thoroughly explains all the issues of harvest. Patients must sign another informed consent

prior to the bone marrow harvest surgery.
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Discussion

Dr. Doi inquired whether the percent transduction of the leukemic blasts was the same
percentage obtained with K562. Dr. Cometta replied that it was less; and that this

variation can occur from day to day, between 5 and 20% transduction efficiency.

Dr. Leventhal asked whether Dr. Cometta would retrieve additional bone marrow
aspiration from these patients at times other than what is outlined in the protocol. The
investigators should include a statement in the informed consent document regarding extra

bone marrow being obtained at the time of relapse. Dr. Cometta replied that he would

not subject the patients to a marrow aspiration that was not otherwise clinically indicated,

although he would aspirate additional samples if the procedure is being performed for

clinical reasons. Dr. Leventhal commented that if Dr. Cometta did not get marrow for his

studies at the time the patients relapse, he potentially would not acquire any information.

Dr. Cometta replied that he would have peripheral blood for study. Dr. Leventhal

suggested that a protocol section be incorporated that describes the studies to be

performed at the time of relapse to ensure that the patients clearly understand the

procedure.

Dr. Kelley commented on the issue of the institution's refusal to provide a total guarantee

in the event of any untoward injury. Dr. Geiduschek thought it would be desirable for this

type of research to be undertaken only at those institutions that are able to provide this

guarantee. He asked for opinions on this idea from the lawyers on the RAC. Ms. Buc
responded that it is her view that it is the institution's obligation to disclose its financial

status and policies; if the institution cannot guarantee payment, the patient must consider

this fact when deciding whether to undergo the risks. Mr. Barton remarked that

traditionally patients have never been charged for drugs in the clinical phase of a protocol,

and that there is no question that patients have accepted the clause in the informed

consent documents that places the financial risks of complications on the patient rather

than the institution. He questioned if this issue was within the purview of the RAC or the

responsibility of the IRB. In his opinion, this issue should be delegated to the IRBs.

Dr. Walters stated that there is the long history of the ethical discussion about

compensation for research-related injuries. The current system is unsatisfactory. This

issue should be brought to the attention of the NIH Director. Dr. Anderson suggested

that the RAC propose a motion to bring this issue to the NIH Director as a national

agenda item. Dr. Wivel added that it would be appropriate for Dr. McCarthy from the

Office for Protection from Research Risks (OPRR) to address the RAC on this issue and

to speak about the Code of Federal Regulations pertaining to clinical research. Mr.

Barton proposed that the RAC discuss this issue in a future meeting, and Dr. B. Murray

noted his suggestion.
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Committee motion

Dr. Doi moved that Dr. Cometta's protocol be approved; Ms. Buc seconded the motion.

Dr. Geiduschek proposed an amendment to change the wording in the informed consent

document regarding the financial responsibility of the patient. The rewording would read,

"I recognize that, despite the absence of personal benefit, the Indiana University Medical

Center has placed upon me the legal obligation for any financial burden that might arise if

emergency medical treatment is required as a result of my participation in this research

protocol." Since Dr. Geiduschek wanted this stipulation required for approval, Dr. Wivel

pointed out that the IRB at Indiana University has the final decision on what is in the text

of the informed consent document. Dr. Gellert seconded the motion to amend the

informed consent document.

More discussion ensued regarding Dr. Geiduschek's amendment. Ms. Buc commented that

there were several issues involved in the discussion. The first issue was prejudicial

selection of participation in the protocols with only insured patients being entitled to

enroll. The second issue was patient injury and the two questions it raised: (1) Who
would perform and pay for the emergency medical care? and (2) What kind of

compensation would the patient receive for pain and suffering? Another question was an

inevitable outcome of this discussion; in the overall picture, how important is the section

on informed consent? Ms. Buc said that she would respectfully disagree if the RAC
should elevate this issue above all other concerns of risks and benefits. An informed

consent document should be a balanced reflection of all of the different issues that go into

a patient's decision.

Dr. B. Murray called for a vote on Dr. Geiduschek's amendment to the protocol. The
amendment was defeated by a vote of 2 in favor, 13 opposed, and 1 abstention. The vote

was called on the original motion, which was to approve Dr. Cornetta's protocol. The
motion to approve the protocol was passed by a vote of 15 in favor, 0 opposed, and no

abstentions.

XIII. PROPOSED ADDITION TO APPENDIX D OF THE NIH GUIDELINES
REGARDING A HUMAN GENE TRANSFER PROTOCOL ENTITLED:
TREATMENT OF PATIENTS WITH METASTATIC MELANOMA AND RENAL
CELL CANCER USING IN VITRO EXPANDED AND GENETICALLY-ENGINEERED
(NEOMYCIN PHOSPHOTRANSFERASE) BULK CD8(+) AND/OR CD4(+) TUMOR
INFILTRATING LYMPHOCYTES AND BULK CD8(+ ) AND/OR CD4(+

)

PERIPHERAL BLOOD LEUKOCYTES IN COMBINATION WITH RECOMBINANT
INTERLEUKIN-2 ALONE, OR WITH RECOMBINANT INTERLEUKIN-2 AND
RECOMBINANTALPHA INTERFERON
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Review—Dr. Leventhal

Dr. Leventhal stated that the objective of the protocol is to study the cellular response in

tumors that accompany infusion of lymphocytes along with interleukin-2 (IL-2). In recent

clinical trials, cancer patients treated with lymphokine activated killer (LAK) cells and high

doses of IL-2 have experienced complete or partial responses in the range of 20% for

melanoma and 30% for renal cell carcinoma. The investigators want to duplicate these

results while attempting to clarify the mechanism underlying the responses. The protocol

would study 20 patients with melanoma and 20 patients with renal cell carcinoma. The
patients with melanoma would be treated with IL-2 and concomitant tumor infiltrating

lymphocyte (TIL) cell infusion. The renal carcinoma patients would also receive

interferon alpha (IFNaA). Each group of patients would be infused with two populations

of cells; one population would be marked with the LNL6 vector and the other with the

GIN vector. The first subgroup would receive bulk TIL and bulk peripheral blood

lymphocytes (PBL). The second would receive CD8( + ) TIL and CD8( + ) PBLs. The
third group would receive CD4( + ) TIL and CD4(+) PBLs. The fourth group would
receive CD8( + ) TIL and CD4( + ) TIL PBLs.

The cells would be collected from the patient and grown in IL-2, in vitro, until a sufficient

number are available for reinfusion. Tumor response and toxicity will be assessed by

determining the level of marked cells in the patient's peripheral blood. At least one tumor

lesion would also be measured to assess trafficking. Provisional approval of the protocol

was granted at the last meeting of the HGTS with several requested changes. The first

request was that data concerning vector safety and testing be submitted and reviewed by

Drs. Miller and Mclvor, and that patient eligibility be limited to those with at least one

lesion that could be biopsied to allow assessment of TIL trafficking. Proportionality

experiments were requested to demonstrate the limits of ability to quantify differences in

ratio between the two vectors. As requested, the consent form was divided into sections

dealing with the viral markers separate from the biomodulator treatment. Dr. Leventhal

said that the post-therapy assessment schedule of toxicity was adequate. A stopping rule

was inserted which states, "if the data are uninterpretable the investigators will stop the

trial." The HGTS concerns were properly addressed in the revised study.

Dr. Kelley asked whether other investigators have shown that there is no homing of TIL
cells to tumor tissue, making this third approach unnecessary. If this question is still

unanswered scientifically, it ought to be pursued. Dr. Leventhal stated that Dr. Economou

needs to address this issue in his presentation.

Review—Ms. Buc

Ms. Buc said that the protocol was confusing. The protocol, the consent form, the Points
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to Consider
,
and the non-technical abstract did not match the purpose of the protocol. The

goal of the protocol seemed to be to track TILs and PBLs that have been genetically

marked. At the same time, the patients will be given either IL-2 (for melanoma patients)

or IL-2 and IFNaA (for renal cell carcinoma patients). The protocol does not adequately

explain these procedures. There is a concern about the toxicity that was attributable to

IL-2. It is unclear whether any of the efficacy from this treatment would be attributable to

IL-2, and there is no comparison of this dosage of IL-2 to any other dosage of IL-2.

Ms. Buc said the protocol does not describe the relative roles of IL-2 and IFNaA in

comparing the TIL cells and the peripheral blood cells in terms of expected therapeutic

effect. There is more information on the gene marking effects than on the treatment

effects. The investigators should clarify: (1) the role of IL-2 and IFNaA; (2) whether

therapeutic effect is expected at those dosages; (3) if the role is in some way
complementary to other aspects of the protocol; and (4) why the consent form does not

integrate these points in a clear manner for the patient. In the list of side effects of the

protocol, death should be listed first instead of last or placed in a different context.

Presentation—Dr. Economou

Dr. Economou summarized that in some of the clinical results, it was difficult to predict

which patients would respond to the generated TIL cell population. One patient received

100 times more cells of the appropriate phenotype and specificity than another patient who
received less specific cells. The first patient did not respond and the second patient

showed a 90% reduction of liver metastases.

Dr. Belldegrun, Dr. Economou's collaborator, spoke on the use of IL-2 and IFNaA in the

treatment of renal cell carcinoma. This procedure sometimes results in dramatic

antitumor activity with relatively low toxicity. Based on their studies, TILs are a

heterogeneous population with a mixed phenotype of CD4( + ) and CD8( + ) cells. Clones

of cells are specific for a particular tumor. However, the correct method for expanding

this particular population is unknown. Based on the investigators' experience with 62

patients using IL-2 and IFNaA, a protocol was initiated using a combination of TILs, IL-2,

and IFNaA. Three of eleven patients treated on this protocol are now in complete

remission. Based on studies with CD4( + ) and CD8( + ) heterogenous TILs, a population

of patients with renal cancer were treated with either CD4( + ) or CD8( + ) cells alone.

This study was the first time that a pure population of either CD4( + ) cells or CD8( +

)

cells was infused, rather than a mixture of both populations. In vitro cytotoxicity tests,

against autologous tumor, showed that a significant fraction of the activity resides in the

CD8( + ) cells. This result provided the rationale for beginning clinical trials with this TIL
cell subpopulation. The first clinical study combined CD8( + ) TIL with IL-2. The gene

marking studies will be combined with the subpopulation studies that are currently in
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,

progress.

I

Dr. Economou stated that clinical responses would not be expected from biological therapy

alone. There is some suggestion of in vivo tumor specificity, but there is no understanding

of the biology or mechanism of antitumor action. One cannot predict which patients will

respond, and there is the outstanding question of whether TILs provide a truly effective

antitumor therapy. Therefore, the investigators decided to conduct the gene marking study

that has been superimposed on the current clinical trials. The hypothesis is that TILs have

special properties, either in terms of specificity, better cytokine production, or

I proliferation. Most importantly, these cells may have a better in vivo lifespan. A
fundamental question is whether the TILs preferentially accumulate at tumor sites and

generate an antitumor response, or are present via the circulation. The only way to

address this issue is to compare TILs with PBL. PBL would not be expected to exhibit

these special in vivo properties.

Dr. Economou will retrieve TIL and PBL from patients; expand them ex vivo in IL-2;

transduce them with two different but related retroviral vectors containing the neomycin

phosphotransferase gene; conduct large-scale expansion in IL-2; combine them; and infuse

them into the patient. The bulk TIL and PBL will be examined, as well as the

subpopulations. The CD8( + ) and CD4(+) subpopulations of TIL and PBL will be
examined in the same manner. Five melanoma patients will be treated per group.

The protocol includes infusion of IL-2 for melanoma patients, and IL-2 plus subcutaneous

IFNaA for renal cell carcinoma patients. The experimental design describes TIL and PBL
subpopulations to be administered at certain ratios, e.g., 1:1. The TIL and PBL must be

detectable by PCR in tumor biopsies. If the ratio is still 1:1, it is unlikely that there is

specific accumulation or localization of those cells. However, if the input ratio is 1:1 and

there is an 8:1 ratio of TIL to PBL at eight weeks, this result would strongly suggest that

there is localization of TIL at the tumor site.

Dr. Economou presented data demonstrating the ability to detect a single copy of LNL6
and GIN in l(r cells. Dr. Economou described PCR amplifications of the combination of

LNL6 to GIN. The DNA ratios shown were 1:1, 1:251, 1:661, 2:51, and 3:31. When the

ratios were plotted, the results were actually better than one would have predicted for

PCR, especially at low copy number; however, these were idealized conditions. All of

these results were repeatable. The introduction of the neomycin resistance gene does not

affect the proliferation of TIL; the infection rate remains at approximately 5%, under the

conditions described.

Dr. Economou then described mixing experiments in which transduced TILs were mixed

with cells obtained from normal tissues. The DNA would be isolated, and quantitative and
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semi-quantitative PCR analysis will be performed. Since these experiments were successful

in vitro
,
TIL and PBL will be isolated from the same patient, transduced with two different

vectors, expanded, and reinfused into the patient. These patients will then receive either

IL-2 or IL-2 and IFNaA. Samples of blood, tumor, and adjacent skin and muscle will be

obtained and both quantitative and semi-quantitative PCR analysis will be performed.

Data should support TIL localization if the ratio of TILs to PBLs rises and shows that

there is a greater enrichment in the tumor, as opposed to non-tumor tissue. If there is no

difference in the TIL to PBL ratio among these tissues (whether the lifespan decreases,

remains unchanged, or increases), these data would strongly indicate that localization is

not occurring. All of the patients entered into this gene marking protocol must have

subcutaneous deposits of tumor. Immunological studies will also be performed. These

studies include cytotoxicity assays against a variety of tumor targets, phenotype analysis,

ELISA assays for cytokine production, and RNA PCR assays.

This protocol could provide a definitive and unambiguous test of the hypothesis that TILs

localize to tumors. No trials currently underway could provide this information in a

scientifically rigorous fashion. Additionally, bulk TIL will be compared with CD8( + ) and

CD4( + ) TIL subpopulations in terms of in vivo trafficking. It will be possible to correlate

the in vivo behavior of these TIL with in vitro cytotoxicity data, and the phenotype analysis,

and cytokine production. It is anticipated that there will be a clinical response in a certain

proportion of patients.

Discussion

Dr. Kelley commented that in data from PBL, primarily in ADA deficient patients, the

half life is extremely long. In other studies, the half life is very short. He asked Dr.

Economou how these data would be normalized to create ratios that are meaningful. Dr.

Economou replied that the investigators will be administering both of these cell

populations, which will be expanded under identical conditions and transduced at

approximately the same infection rate. These cells will be mixed and administered to the

patient. An aliquot will be saved which will provide the standard curve for PCR analysis.

Every time a gel is run, it will be compared with the input ratio.

Dr. Kelley asked if TILs traffick more rapidly to various tissues than PBL. Will the

experiment be controlled for this possibility? Dr. Economou said that there may be

adhesion molecule receptors on TILs that are not present on PBL that account for

different in vivo trafficking behavior, but that information is not available at the present

time. There may not be much of a difference, but by independently labeling the cell

populations, a direct comparison could be made.
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Dr. Mclvor asked whether the process of drawing scientific conclusions regarding TIL and

PBL targeting could be disrupted if marked PBL were to acquire homing capabilities

through a differentiation process or some other conditioning process. In addition, he

asked if there was any data available concerning LAK cells homing to tumors. Dr.

Economou explained that LAK cells are really a population of T lymphocytes, which are

expanded over three to five days in the presence of IL-2 and have a non-MHC restricted,

promiscuous cytotoxicity against a variety of cultured and fresh target cells. The cells

generated in this protocol, both the TIL and the PBL, will sometimes have LAK activity.

It is unclear whether these cells could be defined as LAK cells or are simply cells that

grow well in IL-2. Dr. Mclvor reiterated his earlier question that if PBL are infused and

acquire some homing capacity, would that affect interpretation of data. Dr. Economou
responded affirmatively, however, there is no in vivo animal model that would support such

a hypothesis. If TIL cells exhibit an anti-tumor effect either killing the tumor cells directly

or generating cytokines that attract an inflammatory response that kills tumor cells, most

of the models would require some enrichment or some localization of tumor. There is

support for this theory in animal systems, and weak support in clinical systems. It is

important to determine what is actually happening and how it correlates with clinical

response or with a certain in vitro behavior or profile of the TILs which are administered,

but cannot be identified.

Committee motion

Dr. Mclvor moved to accept the protocol, and Ms. Buc seconded the motion. Ms. Buc
asked whether the consent form for the IL-2 or IL-2 plus IFNaA section is the same as the

one that is already in use just for treatment purposes. Dr. Economou indicated that there

are two separate consent forms, one for gene marking and one for treatment with IL-2 and

IFNaA. The motion to recommend approval of the protocol carried by a vote of 15 in

favor, 0 opposed, and no abstentions.

Dr. B. Murray informed the RAC that Dr. Walters had agreed to lead a small working

group comprised of Dr. Krogstad, Ms. Buc, and an FDA and NIH representative that

would suggest standardization of protocol presentations and critiques.

XIV. REPORT FROM THE WORKING GROUP ON DATA MANAGEMENT/AMEND
POINTS TO CONSIDER-REPORTING REQUIREMENTS

Report

Dr. Leventhal reported on the Working Group on Data Management devised Forms A
and B for investigators to report progress on their protocols to the RAC. In the past,

investigators have delivered verbal reports but never written reports.
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Form A asks for a copy of the latest version of the protocol plus a collation of all the

changes that occurred since the RAC review and a description of the proposed quality

control measures.

Form B asks if there have been any significant amendments to the protocol, adverse

reactions reported, and measures of gene transfer success in vitro and in vivo. In measures

of gene transfer success in vitro, is the investigator able to transduce the material as

anticipated in preparing the materials? Have the investigators had any unexpected results

in ongoing quality control measures? Are there any unanticipated problems? In the

measure of gene transfer in vivo, has there been any evidence of activity of the transferred

gene in the patients treated? Has the patient's condition improved? If negative effects

resulted, has there been any evidence of adventitial spread of transduced material? Was
any tumor/normal tissue obtained after transduced material was administered? Was there

a post mortem if the patient died? Was there any sign of gonadal transfer of genetic

material and by what criteria? Is there any evidence of generation of replication-

competent virus related to the gene transfer procedure in patients? What toxicity was

seen, either local or systemic? Is there any evidence of deterioration of disease state that

could be related to the gene transfer procedure, or any evidence of effects on other genes?

Are there problems that have occurred that were not anticipated prior to starting the

protocol?

Form B asks for patient accrual data by requesting the number of patients considered and

unable to be included in the protocol. Dr. H. Miller of the FDA commented previously

that these last two questions were unreasonable because safety and efficacy issues are not

addressed. Because Dr. H. Miller has concerns about asking for this information, perhaps

these two questions should be omitted. The form then asks how many patients have

actually been entered in the study, and for a list of the patients indicating on-study dates,

off-study dates, and the reason for being taken off-study, and an indication of the number
of patients that have died and their cause of death. What was the number of those whose

participation was completed as planned? Are the patient accrual goals being met in a

timely fashion; if not, why not, probably covers those first two questions. In other words, if

10 patients are to be treated in a year but only one patient has been treated in two years,

is it because there are not enough patients or because the procedures are unsuccessful.

These two questions could be deleted. Have any publications resulted from this protocol?

If so, provide reprints.

Dr. Leventhal said Dr. H. Miller reported that the FDA requires annual reports; therefore,

RAC does not need to ask for additional information. However, the FDA will not release

this information to the RAC. There is a fair amount of overlap between what the FDA
requests and what the RAC will request in patient accrual and the overall adverse

reactions. RAC will need more detailed information about gene transfer than what might
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be requested by the FDA in terms of efficacy of the gene transfer.

Other comments

Dr. Anderson inquired what additional written information the RAC would require other

than what is in the FDA report and in published papers? If verbal progress reports are

requested by the RAC, they will become public record. A progress report of this nature

would be equivalent to publishing results in an unacceptably preliminary form. Dr. R.

Murray noted that the reporting procedure currently used to promote gene therapy

protocols has disadvantages; one of those disadvantages is the public nature of the studies.

Dr. Geiduschek asked if there was a way for the RAC to be able to evaluate protocols

without having them released to the press, perhaps by taking shelter with the FDA. There

is a question whether anyone had been truly affected by preliminary release of data.

Dr. Anderson reminded the RAC of an instance where the press reported in an article

headline that he was suppressing data when it was presented verbally and not in writing at

a RAC meeting. The FDA restricts information on the basis of it being proprietary. Dr.

B. Murray responded that the RAC has the same option if information is proprietary. Dr.

Kelley stated that it is clear that the RAC is committed to public meetings. The RAC
must allow the usual scientific critique, review, and publication to be the major

mechanisms by which the gene therapy field develops. There is a need for a process that

allows public review, but does not compromise the ability to publish. Dr. Leventhal

stressed that what was most important to the RAC were the results of the studies, not

additional ideas developed by the investigators as the studies proceeded.

Dr. Walters suggested that the RAC should treat safety data and efficacy data differently.

The RAC's primary purpose is to ensure that patients are not harmed while participating

in these studies. The RAC should wait until studies are published to determine patterns of

efficacy.

More discussion ensued concerning the manner of follow-up reporting, whether it should

be oral or written and the extent to which it is needed. Ms. Buc recommended that the

investigators should determine their own manner of follow-up reports, i.e., written, verbal,

or submission of the FDA report. A subcommittee should be formed to determine which

format is most appropriate for follow-up reports.

Dr. Leventhal stated that eventually the protocols would not be coming to the RAC but

reviewed at the institution level. Ms. Buc said that when the RAC and the public feel that

review is no longer necessary, the FDA will be responsible for the review. Ms. Buc
advocated having a special meeting to review this issue.
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Metabolic Information Network

Dr. Ledley gave a presentation about the Metabolic Information Network by stating four

points: (1) given the public nature of gene therapy, a thorough and verifiable follow-up is

essential; (2) many patients will be lost to follow-up by clinical investigators; (3) different

investigators will bring in different information; and (4) the number of patients

participating in clinical trials will increase exponentially. The collection, handling, and

analysis of clinical data is time-consuming and expensive. If an investigator has incomplete

and/or duplicative reporting, the value of the collected data is limited. These studies need

experts in the process of data collection, follow-up, networking, and case reporting. He
introduced Ms. Susan Mize, Director of the Metabolic Information Network.

Ms. Mize described the Metabolic Information Network of North America, in which

physicians and cases from the U.S., Canada, and Mexico are currently being collected.

The Network's primary functions are to serve as a resource for research investigators and

to improve patient access to treatment. The system has a 98% accuracy level regarding

unduplicated cases on the database. Tracking cases is important, as is physician follow-up.

The number of physicians using the system is currently 325, with 220 physicians committed

to submit cases upon diagnosis of the selected disorders.

Dr. Ledley discussed the importance of the RAC receiving information from the

investigators to identify what is safe, what needs to be reviewed, and what does not. He
emphasized his support for Dr. Leventhal's concerns regarding reporting procedures. The
reporting problem is substantial, and the time has come to implement this program. Dr.

Leventhal stated that the network is an interesting idea, but it does not address the

protocol reporting issue. The RAC does not receive enough information about the

protocols to make informed decisions regarding safety. Dr. H. Miller asked the RAC to

reconsider accepting the investigators' FDA reports to see whether the reports were

adequate.

Discussion

Dr. Mclvor stated that the RAC needs to see reports on an individual basis for these

reasons: (1) the RAC needs to determine whether their review process is addressing

appropriate questions; (2) the RAC needs to identify which protocols can be dropped

from the process; and (3) the RAC needs to use this information to determine the correct

questions to ask about new protocols. Dr. Ledley commented that investigators need to

examine all existing data before initiating a new gene therapy protocol.

Ms. Buc suggested that the RAC adopt Dr. Leventhal's forms; however, if investigators

choose to submit their FDA reports to the RAC, those reports should be accepted. If the
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investigators are experiencing a special or specific situation, they should inform ORDA to

allow for special arrangements. The RAC needs to be flexible in reporting requirements,

but the RAC needs certain information from all investigators.

Dr. H. Miller agreed with Mr. Barton that the reporting form needs refining and
consideration. Dr. H. Miller gave several specific examples where problems could be

avoided. Dr. Leventhal asked if the RAC could designate one meeting per year as a

workshop where the investigators could present their data. The rationale for this

suggestion is that there is no requirement that working group meetings or workshops have

to be announced in the Federal Register 30 days in advance, which would provide more
flexibility when scheduling. Dr. Wivel said that this type of meeting would be possible.

Dr. Anderson expressed his support for the implementation of the patient information

network. He endorsed Ms. Buc's idea of being flexible in reporting. A workshop would

be the best way to share information among the investigators. Dr. Kelley suggested a

working group to address the reporting issues. Dr. R. Murray suggested that the proposed

working group review the protocols with the highest concerns about safety. The working

group could send out a survey form to ask the most critical questions regarding the

protocol. Dr. Krogstad suggested that the working group look at issues of publicity and

data collection, and be comprised of RAC members and investigators.

Dr. Mclvor reminded the RAC that a motion was passed to support the concept of a

patient information network at the RAC meeting of May 30-31, 1991. Dr. Ledley

commented that the FDA annual report could be part of the function of the network. Dr.

B. Murray advised an expansion of the current working group to cover the reporting issues.

Dr. Leventhal asked permission to request FDA reports from the investigators.

Ms. Buc proposed that Dr. Kelley's suggestion of finding a way to make the reports public

without compromising the investigators' patents, corporations, and desire to publish be

pursued. Dr. Post suggested that when the investigators make public presentations of their

data, copies of their abstracts or papers should be provided to the RAC.

XV. FUTURE MEETING DATE AND OTHER BUSINESS OF THE RECOMBINANT
DNA ADVISORY COMMITTEE

The RAC discussed several housekeeping issues. Dr. Anderson said he would provide the

RAC with complimentary copies of Human Gene Therapy including back issues. Dr. B.

Murray reminded the RAC of their next meeting on June 1-2.

Dr. Leventhal inquired whether the March 30 meeting of the HGTS was canceled. Dr.

Wivel replied affirmatively and said that an extra review would be conducted in March to
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allow the investigators to amend or perform requested experiments to their protocol

before the next RAC meeting. He also suggested that Dr. McCarthy from OPRR speak to

the RAC at their next meeting regarding research compensation issues.

XVI. ADJOURNMENT

The meeting was adjourned by Dr. B. Murray at 3:52 p.m. on February 11, 1992.

Nelson A Wivel, M.D.
Executive Secretary
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1.0 Introduction

1.1 Description of Revisions

This proposal was approved by the Human Gene Therapy

Subcommittee of the RAC on November 21, 1991. Several

suggestions were made during the review for modification of the

protocol. A summary of these modifications are indicated in bold

on the original application and summarized below:

1. Clarification regarding the timing of tumor biopsy was

suggested, including the time of biopsy after gene transfer and

additional biopsies depending on the response of the injected

tumor nodule. This information has been described in the revised

protocol (Sections 6.1, 6.2, and 9.0). Briefly, tumor nodules

will be biopsied 1 week after initial gene transfer, and,

subsequently, at the time of repeat injection. Should the

cutaneous nodule disappear after initial treatment, an additional

biopsy will be made at the site of injection 2 weeks after

introduction of the recombinant gene. If the nodule is larger in

size, an additional biopsy will be performed. In each case, the

status of HLA-B7 gene expression will be analyzed. The presence

of nucleic acid will be confirmed by PCR, and the production of

recombinant HLA-B7 protein will be confirmed by immunostaining.

The induction of specific immune response against HLA-B7 or

against the tumor will be assessed with the cytolytic T cell

assay. The criteria for successful response to treatment are

also further elaborated (Section 11.1).

2 . It was suggested that a postmortem examination be

described in the protocol, with emphasis on pathologic analysis
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of tissues and PCR analysis of DNA from testes or ovaries.

Although an autopsy cannot be required as a precondition for

entry into this study, this issue will be discussed with each

patient. If possible, such analyses will be performed on all

patients. This has been described in the revised protocol

(Section 6.5).

3. Patients will be sensitized to the HLA-B7 antigen likely

making them ineligible for transplantation with organs from

donors with this antigen (~15% of donors) . This information has

been included in the revised "Informed Consent" (Section 15)

.

4. The vector sequence, together with all potential open

reading frames, have been provided on computer disk. No open

reading frames encoding oncogenes have been detected, and these

open ready frames are shown (Appendix V) . In addition, this

vector has been used in 3T3 transformation assays, and does not

cause cell transformation. Although three vectors have been

prepared and characterized, vector II is expressed best both in

human melanomas and other cells and is proposed for use in this

study.

5. Clarification of the integration status of the plasmid

DNA was requested. In general, we find that plasmids which are

not linearized prior to lipofection are expressed transiently, in

contrast to linearized plasmids which stably integrate into host

cells with high frequency. We are currently performing Southern

blot analysis of episomal or chromosomal DNA to determine the

percentage of plasmids which remain episomal or integrate after

lipofection.
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6. Confirmation was requested that melanoma, and not

adenocarcinoma, will be treated. Although it is a potential

target of future studies, adenocarcinoma will not be included for

the initial phase I studies. A confirmatory letter has been sent

to our local IRB.

7. Additional studies have been taken to document the

mechanism of tumor protection in this model system. Recent

studies have been performed using direct gene transfer in nude

mice with the MCA 106 fibrosarcoma. The introduction of H-2KS

into tumors within these animals does not result in any tumor

protection, further substantiating the T cell dependency of this

response. Finally, an HLA-B7 expression vector containing a

deletion in the al and a2 domains of the class I MHC genes do not

confer an anti-tumor response. These results are described in

the revised "Preliminary Data" section (Section 13), as are

additional data regarding expression in human melanoma cells and

systemic tumor immunity presented during the November 21 meeting.

This proposal is now presented in modified form to address

the concerns of the Human Gene Therapy Subcommittee. The most

recent modifications are indicated in bold for the convenience of

the reviewers. Previous modifications are summarized in Section

24, Appendix VI.

1 . 2 Background

Immunotherapy has shown promise as an adjuvant approach to

the treatment of malignancy. Both cytolytic T cells and

lymphokines can facilitate tumor cell destruction, and strategies

to enhance tumor regression by administration of cytokines or
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tumor infiltrating lymphocytes have shown efficacy in animal

models and human trials. We have developed a model for the

immunotherapy of malignancy, based on a novel method to stimulate

an immune response against tumor cells by genetic modification in

vivo . This approach differs from previous methods in which tumor

cells are propagated, modified, and selected in vitro . We have

recently shown that recombinant genes can be introduced and

expressed at specific anatomic sites in vivo by direct gene

transfer into vessels. This method has been adapted to deliver

recombinant genes to tumor cells in vivo . We have introduced

genes encoding a highly immunogenic molecule, an allogeneic class

I major histocompatibility complex (MHC) glycoprotein, into

transplantable mouse tumors. When the foreign MHC gene has been

delivered into tumors in vivo , it induces cytolytic T cells

against this antigen and has produced partial tumor regressions.

More importantly, this treatment elicits a cytolytic T cell

response against parental unmodified tumor cells. This approach

therefore provides an alternative approach to the immunotherapy

of malignancy. It can be used alone or in combination with other

genes, including cytokines, to cause tumor regression.

In this study, a phase I clinical trial is proposed. The

safety of this method and appropriate dosage in humans will be

tested. Recombinant gene expression in vivo will be confirmed,

and the specificity and mechanism of immune rejection will be

defined. In subsequent phases, this response will be augmented

by preimmunization and administration of cytokines, including

tumor necrosis factor-a, interferon-7, or interleukin-2, or used

1
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in combination with adoptive transfer or TIL therapy. These

studies will provide an alternative strategy for the

immunotherapy of malignancy and allow definition of the mechanism

of immune rejection of tumor cells. Adaptations of this method

may also eventually be applied to the treatment of other human

diseases

.

1.3 Direct gene transfer in vivo.

The conventional approach to immunotherapy is based on the

modification of T lymphocytes or tumor cells in vitro . followed

by reintroduction in vivo . Limitations of this approach include

1) the need to establish a cell line from each experimental

subject and to avoid allogeneic tissue rejection, 2) concerns

about alteration of the phenotype of cells propagated in tissue

culture, 3) the outgrowth of aberrant transformed cells, and 4)

the time and effort required to establish cell lines, introduce

genes, select for a relevant phenotype and characterize the cells

prior to reintroduction into animals.

We have therefore developed an alternative approach in which

recombinant genes are introduced directly into cells in vivo .

Introduction of recombinant genes into cells in vivo provides a

powerful method to study their effects in a relevant setting in

humans. This approach has been utilized by our laboratory to

study the effect of recombinant gene expression within transduced

vascular cells in a localized arterial segment in several animal

models. We have used two delivery vehicles, retroviral vectors

and DNA/liposome-mediated transfection. Of these two approaches,

the DNA/liposome method can be more readily adapted to the
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treatment of human disease. Initial studies focused on the use

of retroviral vector delivery. An amphotropic retroviral vector

was used to infect porcine vascular cells in vivo (1)

.

Supernatant from a /9-galactosidase transducing retroviral

producer cell line (2)

,

proven to be free of replication

competent virus (10 5-10 6 virus particles/ml) , was introduced into

a localized segment of the iliofemoral artery in pigs using a

double balloon catheter, and expression of the marker gene was

confirmed up to five months following transduction.

Immunohistochemical staining demonstrated that j8-galactosidase

was expressed within endothelial cells and vascular smooth muscle

cells. No evidence of replication-competent virus was detected,

and gene expression was localized to the target site (1)

.

Liposome/DNA complexes have provided an alternative method

for direct gene transfer into tissues in vivo (3,4). One

advantage of this method is that any plasmid containing a gene in

a eukaryotic expression vector with appropriate regulatory

sequences can be easily utilized. Liposomes can obviate the need

to synthesize a retroviral vector plasmid, establish subclones of

retroviral producer cell lines, test them for viral titer, and

assess the presence of replication-competent helper virus. We

have employed liposomes complexed to plasmid DNA, containing /3-

galactosidase or other genes, to transduce localized arterial

segments. This method of delivery also provides high levels of

recombinant gene expression localized to specific sites in vivo .

These experiments employing direct gene transfer in vivo are

described (1).
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We have also utilized cell-mediated gene transfer to deliver

genes to specific sites in vivo . Vascular smooth muscle cells or

|

endothelial cells, transduced in vitro with E. coli p-

galactosidase have provided a vehicle to deliver this and other

recombinant genes into localized arterial segments (5,6). We

infected either endothelial or vascular smooth muscle cell lines,

established from Yucatan minipigs, with the BAG retroviral vector

(7) and selected populations of transduced cells which have been

introduced in vivo .

These studies demonstrate that recombinant genes can be

expressed in vivo by several strategies. Cell-mediated gene

transfer can be achieved using vascular cells (5,6). This method

is now being used to study the effects of expressing recombinant

genes for cytoplasmic, membrane bound, or secreted protein

products within living animals. Second, direct introduction of

recombinant genes in vivo has been achieved (1) and provides a

way to modify cells at specific sites in vivo .

1.4 Immunotherapy of malignancy.

The immune system not only provides protection against a

variety of pathogens, but also appears to contribute to the

surveillance and destruction of neoplastic cells. Several

cellular and humoral immune effectors inhibit tumor cell growth.

Cellular mediators with anti-tumor activity include MHC-

restricted cytotoxic T cells, reviewed in (8)

,

natural killer

(NK) cells (9,10) and lymphokine-activated killer (LAK) cells

(11) . Cytolytic T cells which infiltrate tumors have been

isolated and characterized (12) . These tumor infiltrating
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lymphocytes (TIL) selectively lyse cells of the tumor from which

they were derived (13,14). Macrophages can also kill neoplastic

cells through antibody-dependent mechanisms (15,16), or by

activation induced by substances such as BCG (17)

.

Cytokines are important in the anti-tumor response through

direct action on tumor cells and by activating cellular

components of the immune system. Tumor necrosis factor-a (TNF-a)

(18) and lymphotoxin (19) have direct effects on neoplastic cells

resulting in cell death. Interferon-7 (IFN-7 ) induces a marked

increase in surface expression of class I MHC molecules (20,21)

and synergizes with TNF-a in producing this effect (22) . Colony

stimulating factors such as G-CSF and GM-CSF activate neutrophils

and macrophages to lyse tumor cells directly (23) . Interleukin-2

(IL-2 ) activates Leu-19+ NK cells to generate lymphokine

activated killer cells (LAK) capable of lysing autologous,

syngeneic or allogeneic tumor cells but not normal cells

(11,24,25). The LAK cells lyse tumor cells without

preimmunization or MHC restriction (26)

.

Interleukin-4 (IL-4)

also generates LAK cells and acts synergistically with IL-2 in

the generation of tumor specific killer cells (27)

.

Although the immune system can be stimulated to mediate

tumor cell destruction, the vast majority of malignancies arise

spontaneously in immunocompetent hosts. This observation

suggests that tumor cells escape these host defenses by

mechanisms which are incompletely defined. It has been suggested

that evolution of tumor cells provides a proliferative advantage

to successively less immunogenic clones (28)

.

Deficient
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expression of class I MHC molecules limits the ability of tumor

cells to present antigens to cytotoxic T cells. Freshly isolated

cells from naturally occurring tumors frequently lack class I MHC

antigen completely or show decreased expression (29-33)

.

Reduced

class I MHC expression is thought to facilitate growth of these

tumors when transplanted into syngeneic recipients. Several

tumor cell lines which exhibit low levels of class I MHC proteins

become less oncogenic when expression vectors encoding the

relevant class I MHC antigen are introduced into them (34-38)

.

In some experiments, tumor cells which express a class I MHC gene

confer immunity in naive recipients against the parental tumor

(35,36). The absolute level of class I MHC expression however,

is not the only factor which influences the tumorigenicity or

immunogenicity of tumor cells. In one study, mouse mammary

adenocarcinoma cells, treated with 5-azacytidine and selected for

elevated levels of class I MHC expression did not display altered

tumorigenicity compared to the parent line (39)

.

A variety of methods can be used to augment the immune

response against tumor cells. These include systemic

administration of IL-2 (40), or IL-2 with LAK cells (41,42).

Clinical trials using tumor infiltrating lymphocytes are

currently in progress (43)

.

Recently, several studies have

examined the tumor suppressive effect of lymphokine production by

genetically altered tumor cells. The introduction of tumor cells

transfected with an IL-2 expression vector into syngeneic mice

stimulated an MHC class I restricted cytolytic T lymphocyte

response which protected against subsequent rechallenge with the
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parental tumor cell line (44)

.

Expression of IL-4 by

plasmacytoma or mammary adenocarcinoma cells induced a potent

anti-tumor effect mediated by infiltration of eosinophils and

macrophages (45)

.

These studies demonstrate that cytokines,

expressed at high local concentrations, are effective anti-tumor

agents

.

We propose an alternative approach to stimulate an anti-

tumor response, through the introduction of an allogeneic class I

MHC gene into human tumor cells. The antigenicity of tumor cells

has been altered previously by the expression of viral antigens

through infection of tumor cells (46-50)

,

or expression of

allogeneic antigens introduced by somatic cell hybridization

(51,52). Allogeneic class I MHC genes have been introduced into

tumor cells by transfection and subsequent selection in vitro .

These experiments have produced some conflicting results. In one

case, transfection of an allogeneic class I MHC gene (H-2L^) into

an H-2b tumor resulted in immunologic rejection of the transduced

cells and also produced transplantation resistance against the

parent tumor cells (53)

.

In another instance, transfection of H-

2
b melanoma cells with the H-2Dd gene did not lead to rejection

(54)

,

however increased differential expression of H-2D products

relative to H-2K may have affected the metastatic potential and

immunogenicity of tumor cells (55) . The effects of allogeneic H-

2K gene expression in tumor cells was examined in another study

(56)

.

Several subclones which were selected in vitro and

expressed an allogeneic gene were rejected in mice syngeneic for

the parental tumor line, however, other subclones did not differ
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from the parental, untransduced line in generating tumors. This

study suggests that conflicting results may be obtained based on

clone-to-clone variation in in vivo growth and tumorigenic

capacity, suggesting that other modifications of these cells,

caused by transfection or the subcloning procedure, affected

their tumorgenicity. These types of clonal differences would

likely be minimized by transducing a population of cells directly

in vivo .

Because the H-2K class I MHC antigen is strongly expressed

on most tissues and can mediate an allogeneic rejection response,

we chose it in our animal model studies designed to enhance the

immunogenicity of tumors in vivo . These studies extend previous

efforts to modify tumor cells by developing a system for the

direct introduction of genes into tumors by in vivo infection

using retroviral vectors or by DNA/liposome mediated

transfection. This technology can also be used to deliver

specific recombinant cytokines into the tumor microcirculation

and to understand the immunologic basis for tumor rejection in

vivo.
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2.0 Objectives

The immune system can provide protection against cancer and

may play an important role as an adjuvant treatment for

malignancy. Lymphokine activated killer cells (LAK) and tumor

infiltrating lymphocytes (TIL) can lyse neoplastic cells and

produce partial or complete tumor rejection. Expression of

cytokine genes in malignant cells has also enhanced tumor

regression. Because current strategies to stimulate an immune

response against tumor cells often fail to eradicate tumors, an

important goal of immunotherapy is to improve upon current

techniques and understand the mechanisms of immune recognition.

In this study, a novel approach to enhance the immune

response against tumors will be explored by the introduction of

recombinant genes directly into tumor cells in vivo .

Traditionally, gene transfer techniques have focused on

modification of tumor cells in vitro , followed by transfer of

modified cells. Such approaches subject these cells to selection

and different growth conditions from those which act in vivo .

Because they also require that cell lines be established for each

malignancy, adaptability to human disease is more difficult.

We have developed a model for the immunotherapy of

malignancy using a gene encoding a transplantation antigen, an

allogeneic class I major histocompatibility complex (MHC)

antigen, which will be introduced into human tumors in vivo by

DNA/liposome transfection. In animal studies, we find that the

expression of allogeneic MHC antigens on tumor cells stimulates

immunity against both the allogeneic MHC gene on transduced cells
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j

as well as previously unrecognized antigens in unmodified tumor
V

[

cells. The introduction of an allogeneic MHC gene directly into
I

tumors in vivo has induced partial tumor regressions, as well as
(

the specific cytotoxic T cell response to other antigens

described above. In murine systems, we continue to optimize this

gene delivery approach and characterize the cellular basis of

this protective response, relevant cytokines which mediate this

effect, and the nature of tumor specific antigens recognized by

activated cytolytic T cells. This approach is also being used to

introduce other recombinant genes with anti-tumor effects, such

as tumor necrosis factor-a, into tumors.

Because this approach employs direct gene transfer in vivo .

it can be applied easily in a clinical setting to spontaneously

arising tumors, alone or in combination with cytokines or other

adjuvant treatments, including TIL cells, to augment tumor

immunity. In this study, we propose a phase I clinical trial to

evaluate the safety and appropriate dosage to introduce a

recombinant HLA-B7 antigen into human tumors in vivo .

Recombinant gene expression in vivo will be documented, and the

specificity and mechanism of the immune response will be

characterized. Escalating treatment regimens will be used and

tumor growth evaluated. These studies will define the safety of

this approach to the immunotherapy of malignancy and may provide

therapeutic effects for patients. Adaptations of this approach

might also prove useful in the treatment of other human diseases.
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Specifically, we plan:

1) To establish a safe and effective dose to introduce a

recombinant HLA-B7 gene into tumors by DNA/liposome-

mediated transfection in living human subjects.

2) To confirm expression of this class I MHC gene introduced

directly into tumor cells in vivo .

3) To analyze the specificity of the immune response against

this antigen in vivo by analyzing cellular and humoral

immunity.
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3.0

Selection of Patients

Patients will be carefully selected based on consideration

of their past medical history and present status. The referring

physician, the attending physician, and surgical oncology or the

relevant clinical department, the patient, and family members

will make a joint decision regarding the appropriate treatment

with conventional therapy. If surgery, chemotherapy, or

radiation are deemed unlikely to provide further benefit to the

patient, the opportunity to pursue this experimental protocol

will be offered to the patient. The following criteria will be

used to select appropriate patients for study:

3.1

Criteria for patient eligibility.

3.1.1 Patients who are HLA-B7 positive will not be

studied.

3.1.2 Patients with cutaneous tumor nodules will be

studied. These will most likely be limited

to patients with malignant melanoma with

cutaneous lesions, as well as distant

metastases.

3.1.3 The patient's disease will be unresponsive to

standard modes of treatment.

3.1.4 Patient must be greater than 18 years of age.

3.1.5 The patient must not have antibodies to the

Human Immunodeficiency Virus.

3.1.6 Patient must either be postmenopausal or have

undergone tubal ligation, vasectomy, or

orchiectomy.
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3.1.7 The patient must be able to provide informed

consent.
3.2

Criteria for patient ineligibility.

3.2.1 Patients with active autoimmune disease.

3.2.2 Patients who have a positive antibody to HIV.

3.2.3 Patients with active hepatitis, chronic or

acute.

3.2.4 Patients with diabetes mellitis who are not

controlled by medical treatment.

3.2.5 Psychiatric illness which makes compliance to

the clinical protocol unmanageable.

3.2.6 Patients on high dose glucocorticosteroids

.

3.2.7 Patients who undergo an alternative mode of

anti-cancer treatment will not be accepted

within 4 weeks of the last treatment.
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4.0 Clinical Evaluation Prior to Treatment

As described above, patients will be selected based on their

past medical history and clinical course. Patients must have

histologically confirmed metastic melanoma which is unresponsive

to standard curative or palliative measures. Patients with

expected survival times of 1 year or less will be chosen. The

patients must meet the standard inclusion and exclusion criteria

described above. In addition, the chosen patients must show no

signs of active systemic infection or major cardiovascular or

respiratory disease. The following laboratory values will be

used as guidelines as enrollment:

1. The bilirubin should be less than 2 mg/dl . The

platelet count should be greater than 100,000/mm 3
.

The white blood cell count should exceed 3,000/mm .

The creatinine should be less than 2.0 mg/dl.

2 . HLA typing must indicate that the patient is HLA-B7

negative.

3. HIV antibody titers will be measured.
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5.0 Stratification and Randomization

Not relevant.
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6.0 Nature of Procedures or Therapeutic Agents

6.1 Study Design.

Patients will be admitted to the Clinical Research Center at

The University of Michigan Medical Center after the relevant

eligibility criteria have been met. The pre-treatment evaluation

will be performed as described in Section 9. Patients undergoing

the direct gene transfer protocol will have serum samples removed

for analysis as described in Section 9. The tumor nodule to be

injected will be identified and its borders measured prior to

injection. In addition, this nodule and other control

(untreated) nodules will be imaged by CT immediately prior to the

procedure, and its size guantitated. The skin overlying the

tumor nodule will be sterilized and anesthetized using .01%

lidocaine. Immediately prior to injection with the DNA liposome

complex, a needle biopsy of the nodule will be performed. Tissue

will be stored as frozen sections for further immunohistochemical

analysis and PCR. For gene transfer, a 22-26 gauge needle will

be used to inject the DNA/liposome complex which will be prepared

as follows: 10 minutes prior to delivery, 1 -10 /zg of plasmid

DNA (20 /Ltg/ml) is diluted to 200 /il of lactated-Ringer's solution

at room temperature and added to 5-10 /xl (10-20 nM) of DC-Chol

liposome solution (2 mM) . Each component will be stored

separately in sterile vials and certified as acceptable by the

FDA. The solution is left at room temperature for 5-10 minutes

and 0.5 of sterile lactated-Ringer's is added to the liposome DNA

solution. The optimal composition of the DNA/liposome complex

will be established for each batch by titration of DNA
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concentration and liposome concentration independently on murine

melanoma and Hela cells in vitro , and confirmed by direct

injection into murine melanoma or other tumors in vivo prior to

use. Each component, the liposome preparation, and the DNA, will

be tested for contaminants and toxicity and used only after FDA

approval, which is currently under review. The liposome solution

and DNA will be aliquoted in individual sterile vials mixed under

sterile conditions as described above.

Escalating doses will be studied in this phase I study.

Four groups (3 patients each) will be studied sequentially with

at least 1 month of observation prior to evaluation of the next

group. Patients in each group will receive intratumor

injections. Group I will receive 1 injection of < 0.2 ml. Group

II will receive 3 injections at one session of < 0.2 ml each

within the same nodule. Group III will receive 5 such injections

at one session, Group IV will receive 5 injections at one session

with an increased volume ( <0.4 ml/injection)

.

Doses will be repeated within each subject for whom the

toxicity treatment is with < grade II. Dose escalation will

begin if three patients show toxicities < grade III from the

treatment. If one patient displays toxicity > grade II, the

treatment will be repeated on three additional patients. If two

patients develop toxicity > grade II, the dosage will be reduced.

The maximal tolerated dose will be defined as the dose at which

two or more patients out of six develop grade III or IV toxicity.

The treatment dose will be established at one level below the

maximum tolerated dose. Once the treatment dose is defined, an
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additional four to six patients will be entered at that dose to

ascertain the safety of this dose for wider application.

Prior to the injection with the needle in place, gentle

aspiration will be applied to the syringe to ensure that no

material is injected intravenously. Immediately after the

injection procedure, a blood sample will be obtained to check

serum enzymes, chemistries, and blood counts, and to analyze for

the presence of plasmid DNA in the peripheral blood by PCR. The

patients will be observed in the Clinical Research Center for an

additional 48 hours, and another blood collection performed as

described in Section 9. If there are no complications, the

patient will be discharged after 48 hours. Should any

abnormalities appear, the patient would be kept for further

observation.

6.2 Confirmation of gene transfer and expression.

Needle biopsy of the injected nodule will be performed after

administration of local anesthesia prior to injection and

subsequently just prior to each repeat injection. A portion of

this tissue will be processed to obtain DNA for PCR analysis.

The remaining tissue will be processed for pathologic analysis

and immunohistochemical and/or immunofluorescent staining. If

sufficient material can be obtained, RNA PCR analysis will also

be performed.

6.3 Analysis of immune response.

Evidence of gene transfer can also be obtained indirectly by

examination of the specific immune response to HLA-B7. The

analysis will be performed as follows: two weeks prior to the
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initial treatment, a blood sample will be obtained to derive

lymphocytes which will be immortalized using the Epstein-Barr

virus. An aliquot of these cells will be further infected with

an amphotropic HLA-B7 retroviral vector, and expression will be

confirmed on the cell surface. These cells will subsequently be

used in the laboratory as target cells for the cytolytic T cell

assay. At no time will these cells be brought into the same

building where the patient is being treated. These cells and

laboratory experiments will be performed in MSRB II, Room 3560,

whereas the patient's clinical treatment will be taking place in

the Clinical Research Center of The University of Michigan

Medical Center Hospital.

6.4 Repeated treatment.

If no adverse side effects of the treatment are observed,

repeated injections will be considered at two-week intervals.

Doses identical to the initial treatment regimen will be repeated

with similar protocols and observation as described in Section

6 . 1 .

6.5 Postmortem analysis.

The life expectancy of patients who enter this protocol will

be limited, in general, less than six months. Important

information can be obtained by analysis of tissue postmortem,

including presence of DNA in germ line tissue, distribution of

DNA and immune function, and potential toxicity. To maximize the

information derived from these studies, every effort will be made

to perform postmortem analyses. Consent for an autopsy will not

be required for entry, but patients and their families will be
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informed of this aspect of the study and its potential

contribution to medical knowledge.
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7 . 0 Schema/Duratxon

Group
No. of Injections

Per Treatment
Volume of

Injection (ml)

Times of
Repeated Treatment

Total Number
of Treatment:

I 1 <0.2 2 wk. 3

II 3 <0.2 2 wk. 3

Eli 5 <0.2 2 wk. 3

IV 5 <0.2 2 wk. 4
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8.0 Dose of Therapeutic Modifications

Patients can receive medications to control any side effects

l

of treatment. Such agents would include acetaminophen (650 mg.

q. 4 hrs.), indomethacin (50-75 mg. q. 6 hrs.), or antihistamines

as required. Glucocorticoids will not be used in these patients;

or if such medication is required, the patient will be removed

from the protocol

.
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9 . 0 Study Parameters

Parameters

r~
Pre- Study 1

Physical exam X
History X
Performance Status X
Tumor Staging and/or

Nodule Imaging X
Chemistry Survey! X
Vital Signs X
Weight X
CBC, Diff, Platelet X
PT

,
PIT X

EKG X
CPK + isoenzymes X
CXR X
U/A and Culture X
Hb sAg, HIV X
Brain CT or MRI X
Assess for adverse X

events status
PCR on PBL and serum

to detect HLA-B7 gene X
Tumor biopsy X
Assay for HLA-B7

cytotoxic T cells X
Assay for HLA-B7

antibody X
Pregnancy test

(if relevant) X
Anti-DNA antibodies X

ds DNA
ss DNA

CT scan of brain
(if relevant) X

CT of chest & abdomen X
Quantitate size of lesion X
ANA, ESR

,
CH50, CRP X

X

X
X
X
X
X

X

X

X

3

X
X
X
X

X

X

X

During Treatment
Day

14

X

21
1 r

28

X

Week

6 10 16

X X

1

X X
X

X X
X

^-Routine laboratory tests include uric acid, calcium, phosphate,

SGOT , SGPT ,
alkaline phosphatase, LDH, bilirubin, BUN,

creatinine, total protein, glucose, amylase, lipase

[
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I

9.1 Pre-treatment (see Table).

The following studies will be performed as summarized in

Table 1.

a. Complete physical examination noting in detail

the exact size and location of any lesions that

exist. The tumor lesion to be treated will be

imaged and its dimensions quantitated prior to

treatment

.

b. Complete chemistry survey including

electrolytes, liver function tests, calcium,

magnesium, creatinine, BUN, CPK, pancreatic

enzymes.

c. CBC, differential count, PT, PTT, platelet

count

.

d. Urine analysis and culture.

e. Hepatitis screen.

f. HIV titer.

g. Pregnancy test for women.

h. Chest x-ray.

i. Electrocardiogram.

j . Baseline x-rays and nuclear medicine scans to

evaluate the status of disease.

k. CT scan or MRI scan of brain.

l. 45 ml of clotted blood for serum storage and 45

ml of anti-coagulated blood for mononuclear cell

cryopreservation

.
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m. Biopsy of tumor, if possible with minimal

morbidity.

9.2 Treatment.

Patients will be analyzed with routine blood and chemistry

analysis. A chest x-ray will be performed each month for six

months and every six months thereafter or more often if needed.

During the gene transfer protocol, patients will be monitored

closely in the Clinical Research Center. Vital signs will be

measured every 15 minutes prior to, during, and after the

injection for at least two hours or until the patient is stable.

A pulse oximeter will be used for on-line measurement of oxygen

saturation during injection as well. If the systolic blood

pressure drops below 80 mm/Hg or the oxygen saturation drops

below 90%, the injection will be terminated immediately.

9.3 Post-treatment

.

Cutaneous lesions will be evaluated by physical examination,

biopsy if feasible, and appropriate imaging scans prior to

injection, monthly for 6 months and six-month intervals or as

needed to evaluate response to treatment. Serum will be analyzed

by PCR for the presence of plasmid, and antibody to HLA-B7 will

be evaluated. PBL's will be isolated and analyzed for their

ability to lyse HLA-B7 modified autologous EBV-transformed lines.

If ANA becomes positive or other signs of autoimmunity appear,

evidence of more specific autoantibodies, e.g., anti-Rho, Smith,

etc. , will be tested and rheumatology consultation will be

sought

.
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9.4 Potential side effects and reporting of adverse

reactions.

Adverse Drug Reactions will be reported to the Drug

Information Service, University of Michigan Medical Center, phone

313-936-8200 or 313-936-8251 (available 24 hours) , and include

all life-threatening events (Grade 4) which may be due to drug

administration, all fatal events, or the first occurrence of any

previously unknown clinical event (regardless of Grade) . A

written report is to follow within 10 working days to:

Investigational Drug Branch

P.0. Box 30012

Bethesda, Maryland 20824

Phone: 301-496-7957

Data will be submitted to the IRB monthly or upon request. All

adverse reactions will be reported to the IRB, even if there is

only a suspicion of a drug effect. All side effects will be

graded using the standard toxicity sheet described in Section 14,

Common Toxicity Criteria.

9.4.1 Potential risks of gene transfer in vivo.

Insertional mutagenesis . The possibility of causing malignancy

in cells secondary to the random insertion of the DNA in the

genome exists, though this risk is considered low. There is a

remote chance that the vector could replicate in the host.

Neither finding has been seen in animal studies (-200 mice,

rabbits, and pigs) ; nonetheless, the proposed protocol provides

for extensive testing of tumor tissue and blood after injection
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into the patient. PCR will be performed to monitor for this

unlikely event.

The use of aminoglycoside antibiotics . The neomycin resistance

gene, which encodes neomycin phosphotransferase (NPT)

,

phosphorylates the 3 ' hydroxyl group of the aminohexose I of

neomycin and its analogues, inactivating the antibiotic. While

amikacin may be inactivated by this enzyme, gentamicin and

tobramycin do not contain an hydroxyl at the 3 7 position and are

not inactivated. Therefore, introduction of the NeoR gene would

not exclude the use of aminoglycosides or any other conventional

antibiotic that may be needed in the clinical management of these

patients

.

Although risks to the patient exist in this study, they

would appear to be minimal, and the escalating dose nature of

this study should minimize the risks to any individual patient.

Because these patients have limited life expectancy from their

advanced cancer, these risks are thought to be justified,

considering the potential therapeutic benefit.
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10.0 Off-Study Criteria

Patients will be removed from the study should any grade 3

or 4 toxicity develop which is not easily corrected. The

toxicity sheet is included in Section 14.0, Common Toxicity

Criteria) . If two treatment-related deaths should occur, this

protocol will be terminated.

K|.
’ ’

‘
1

"
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11.0

Evaluation of Results

11.1 Criteria for response.

In this phase I study, the protocol will be considered

successful if recombinant gene expression is achieved and an

appropriate dosage established for effective gene transfer

without toxicity. Confirmation of recombinant gene expression is

described below. Additional evidence of successful gene transfer

may also be obtained from immunologic analysis. A new CTL or

antibody response to HLA-B7 will indicate successful gene

expression and is described in Section 11.3. The ability to

generate anti-tumor CTL will also be evaluated. Evidence for

tumor regression will also be obtained. Complete tumor response

is defined as the disappearance of all clinical evidence of

disease for at least four weeks. Partial tumor response is

defined as 50% or greater decrease of the sum of the products of

perpendicular diameters of lesions lasting at least four weeks

with no increase in existing lesions or appearance of new

lesions. The response will also be considered positive for gene

transfer if cytolytic T cell activity for HLA-B7 is obtained

after this injection. Any patient having less than a partial

response is considered to be non-responsive to treatment. Tumor

dimensions will be assessed by imaging as detailed in Section 9.

11.2 Confirmation of recombinant gene expression.

Several independent techniques will be used to evaluate the

presence and expression of the recombinant gene in vivo . We have

used several monoclonal antibodies to HLA-B7 to detect the

recombinant gene product in vivo by immunohistochemistry

.
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Fluorescence staining of freshly dispersed cells will also be

evaluated. The presence of plasmid DNA will be confirmed by PCR

of DNA from tumor tissue, peripheral blood lymphocytes, or in

autopsy specimen tissue. If sufficient tissue is available, RNA

will be isolated and examined for the presence of HLA-B7 mRNA by

PCR or SI nuclease analysis.

11.3 Analysis of immune response.

Cytolytic T cell activity will be evaluated by incubation of

peripheral blood lymphocytes with 51Cr labeled HLA-B7 transduced

EBV lines or malignant melanoma cells from the patient. The

presence of antibody will be evaluated by FACS analysis of a

matched pair of HLA-B7+ or HLA-B7
-

cell lines. In some

instances, lymphocytes will be isolated directly from the tumor,

expanded in tissue culture, and analyzed for cytolytic function.

Tumor biopsies at 7-14 days after treatment will be analyzed by

immunohistochemistry . If possible, we will attempt to expand

draining lymph node T cells or TIL cells to test their cytologic

function. When possible, we will derive autologous cell lines to

be used as targets in a 51Cr release assay. Finally, every

attempt will be made to excise tumor tissue prior to treatment

for diagnosis, immunohistochemistry, and cryopreservation and to

evaluate delayed type hypersensitivity reactions to the tumor

before and after treatment.
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11.4 Toxicity.

Toxic side effects of treatment will be analyzed and

classified by the common toxicity criteria (Section 13)

.
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13.0 Preliminary Data

I. T cell dependence and specificity.

Recently, we have obtained data that T cells are required

for tumor rejection in vivo. Injection of the MCA 106

fibrosarcoma with /9-galactosidase (n=5) , or MoLV LTR H2-K3

plasmid (n=5) resulted in no tumor protection. Tumor growth was

comparable to uninjected tumors in nude mice (data not shown)

.

A. B.

WEEKS

Figure A. Lack of tumor protection following introduction of H-

2KS into tumors in nude mice. BALB/c nu/nu mice were inoculated

with (A.) CT26 or (B.) MCA 106 tumors and injected with the H-2KS

() or /5-galactosidase () expression vector at the indicated

times (see arrow). Results represent average tumor size of each

experimental group (n=5)

.

In addition, the deletion of the al and q2 domains from the

H-2KS expression vector results in a loss of protection.
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indicating that the polymorphic region of the class I H-2

molecule is responsible for inducing the immunologic response in

this system (Fig. B)

.

WEEKS

Figure B. The al and a2 domains of H-2KS are required for an

anti-tumor response. C57B1/6 mice bearing the MCA 106

fibrosarcoma were injected with H-2KS () n=5, the deletion

mutant lacking al and a2 (0) n=3, or /9-galactosidase () n=3

expression vectors. Results represent the average of each

experimental group.

II. Vector expression in human melanoma cells.

The expression of HLA-B7 in vector II proposed for use in this

study, has been confirmed in human melanoma cells. FACS analysis

of primary transfectants and FACS sorted cells are indicated

below.
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Figure C. FACS analysis of human melanoma cells co-transfected

with vector II and RSV-neo, followed by 6418 selection. Cells

were incubated with monoclonal antibody to HLA-B7 or vWF

(control) (left) . Cells were further enriched by FACS sorting

and incubated with the same antibodies (right)

.

III. Mechanism of liposome-mediated gene transfer and

integration status.

Despite the fact that cationic liposomes have been used for

several years to deliver recombinant genes to cells, the

mechanism of gene transfer is not entirely clear. Although early

studies suggested that DNA is delivered to cells through lipid-

mediated membrane fusion, more recent data, obtained by electron

microscopy and with functional studies, show that this process

may be endosome-mediated (L. Huang, personal communication) . For

the proposed studies, we have begun to examine stable vs.

transient expression after liposomal transduction. By p-

galactosidase staining, most expression is transient (> 95%) and

episomal DNA is easily recovered in Hirt supernatants two days

after transfection (2000-6000 colonies//zg of Hirt DNA) . When DNA

is linearized by restriction enzyme digest prior to lipofection,

a large proportion of expression remains transient; however, the

numbers of stable lines isolated increases by a factor of -10-

fold. Episomal DNA therefore appears to be lost as cells divide

in culture if plasmid is not linearized. In non-dividing cells,

episomal DNA and expression can be maintained for longer time

periods. Within tumors in vivo, expression appears to be largely
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episomal, since plasmid DNA can be recovered by transformation 1

month after initial injection from Hirt supernatant DNA (-100-

1000 colonies//xg) but is not detectable in genomic DNA by

Southern blot.

IV. Efficacy of vector in mouse model.

The prototype vector II containing H2-Ks has been used to

provide tumor immunity in the murine model. Our cumulative

experience with the MCA 106 fibrosarcoma in C57BL/6 mice is

indicated below.

Injected ^-galactosidase H-2KS

Plasmid:
Responders/Total Responders/Total

0/13 13/18 (p = .01)

Table I. Results of H-2KS injection in MCA106 tumors.

Responders demonstrated at least 50% reduction in tumor diameter
1 month post-injection.

These results, together with those reported previously and

in the following section, indicate that the introduction of

foreign MHC into tumors can provide protective immunity for at

least 3 independent malignancies using 3 independent eukaryotic

expression vectors.

V. Protective immunity in the B16BL/6 murine melanoma:

induction of systemic immunity.

Lymph nodes (LN) draining immunogenic tumors contain

sensitized but not fully functional pre-effector cells. These

cells can acquire antitumor effector reactivity upon further

activation with aCD3 and IL-2. However, with the poorly

immunogenic B16BL6 melanoma (H-2b ) , the tumor does not elicit a
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pre-effector cell response. To enhance the host immune response

to the B16BL6 tumor, we introduced the gene encoding an

allogeneic MHC class I antigen (H-2KS ) into tumor cells in vivo .

This procedure involved the admixture of tumor cells or

intratumor inoculation with cationic liposomes complexed with

recombinant plasmid DNA (H-2KS or control b-galactosidase genes)

.

In the first experiment (Expt. 1) , 10 6 B16BL6 tumor cells were

admixed with H-2KS or /9-gal liposomes before intradermal

inoculation into syngeneic mice. Nine days later, harvested

lymph node cells were activated with aCD3 monoclonal antibody (1

mg/ml) for 2 days followed by culture in IL-2 (10 U/ml) for 3

days (> 4-fold expansion) . The antitumor reactivity of these

cells were assessed by adoptive immunotherapy (3 x 10 7

cells/mouse) of 3-day pulmonary B16BL6 metastases. Mice also

received a subtherapeutic dose of IL-2 (15,000 U i.p. bid x 8) to

enhance the therapeutic efficacy of the transferred cells.

Pulmonary metastases were counted 14 days later. In the second

experiment (Expt. 2), established B16BL6 tumors were injected on

days 7, 9, 11, and 13 with 0.05 ml of either H-2KS or /9-gal

liposomes in vivo . LN harvested on day 15 were activated by

aCD3/IL—2 and subsequently assessed in adoptive immunotherapy of

lung metastases as described.

Mean no. pulmonary metastases (SEM)

Gene transfer Expt . 1 Expt . 2

A None
B b-gal
C H-2KS

248(5)
>250

75(53)*+

216(12)
155(36)*
49(15)*+

*p » 0.05 vs. A; +p < 0.05 vs. B (Wilcoxon)
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In both experiments, tumors transfected with the H-2KS gene

stimulated pre-effector cell responses in the draining LN from

which immune effector cells were generated by the anti-CD3/IL-2

activation. There was a significant reduction in the numbers of

pulmonary metastases in animals treated with these cells. These

results demonstrate that in vivo gene transfer of a poorly

immunogenic mouse melanoma with DNA encoding allogeneic MHC

determinants enhances the host T cell response to these tumors.

Since the time of presentation of this data at the November 21

meeting, this experiment has been repeated an additional two

times, with similar results.

VI. Induction of immune response to HLA-B7 in large animal

model.

The three vectors described in the proposal have been tested

for their ability to stimulate vasculitis in vivo in porcine

arteries. A focal vasculitis has been induced in porcine

iliofemoral arteries two weeks after introduction of each of

these vectors by DNA liposomal transfection. Each of these

vectors successfully conferred tumor regression when used in the

mouse model with H-2KS , as described in the original proposal

with the retroviral vector. These data further support the

observation that direct introduction of a foreign

histocompatibility gene confers both local and systemic

protective effects against tumor cells in vivo and may be useful

in the treatment of human malignancy.
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VII. Tumor regression with the MCA 106 fibrosarcoma.

To evaluate whether direct introduction of MHC class I genes

into tumors other than the CT26 was effective, MCA 106 (H-2Kb ) , a

fibrosarcoma of C57BL/6 mice was used. Using methods similar to

those described previously, tumors were inoculated by

subcutaneous injection into the flank. When palpable tumors

appeared, they were injected with a vector derived from PLJ H-

2KS , called vector I, as described in Section 2.b.a. of the

"Points To Consider." This vector was modified from a previous

version, and the polyoma T antigen and the 3' long terminal

repeat were removed with inclusion of a different polyadenylation

site. Introduction of this plasmid into the MCA 106 tumor caused

significant reduction in tumor growth (n=4) , in contrast to a

galactosidase control (n=5) . The H-2KS injected tumors were <50%

of the size of the control group. In at least one instance,

complete regression was observed. Representative tumor diameters

from four animals are shown in the figure below (Fig. 1)

.

Figure 1. Introduction of H-2KS vector I plasmid into MCA 106

tumors in vivo inhibits tumor growth. MCA 106 bearing C57BL/6

[436] Recombinant DNA Research, Volume 15



mice were injected with /9-galactosidase (d,X) or H-2KS ( , •

)

vector I plasmids.

Mice were preimmunized by intraperitoneal injection with 10 6

irradiated CT26 H-2KS cells 7-14 days prior to tumor inoculation.

Injections were performed at the indicated times following tumor

inoculation, and tumor diameter measured in two perpendicular

dimensions using calipers.

VIII. Efficacy of RSV expression vectors in the MCA 106 tumor

model

.

To determine whether the RSV expression vectors were

successful in the treatment of MCA 106 cells in vivo, an RSV Ks

plasmid with an SV40 polyadenylation sequence or an RSV Ks

plasmid with a /3-globin polyadenylation sequence, as described in

Section 2.B.a of the "Points to Consider," were introduced into

subcutaneous tumors as described above. Significant reduction in

tumor growth was also observed. Of note, the survival was

prolonged in the H-2KS treated group. Four of eight animals in

the ^-galactosidase group expired by day 20 in this experiment,

in contrast to 0 of 8 injected with the j9-globin or 1 of 8 in the

RSV SV40 expression vectors. By day 25, 7 of 8 mice with /9-

galactosidase tumors had expired, in contrast to 2 of 8 mice with

tumors injected with H-2KS . These results indicate that

expression vectors lacking retroviral elements are successful in

inducing tumor regression by introduction of a foreign MHC gene.

In this experiment, the ^-galactosidase control was an RSV £-

galactosidase expression vector utilizing the SV40 T antigen

polyadenylation signal.
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Survivors

4/8

7/8

Figure 2. Diameter of MCA 106 tumor after injection with the

indicated vectors and survival after intratumor injection of H-

2KS or /9-galactosidase.

XI. Mechanism of tumor cell cytolysis.

Previous studies did not show whether the cytolytic response

to the foreign MHC gene transduced cells or to autologous tumor

cell antigens is mediated by T cells or other cell types. To

address this question, we have performed cytolytic T cell assays

in the presence or absence of anti-Lyt2, using an antibody to

LT34 (of the helper T cell subset) as a negative control. In all

cases, cytolysis was substantially reduced by the anti-Lyt2

antibody, both in instances where animals were pre-immunized with

H—2KS or in the absence of pre-immunization to H-2KS . It should

also be noted that the pre-immunization in this model system is

successful if made against the recombinant gene that will be

introduced. For example, C57BL/6 mice pre-immunized with CT26 Ks

cells are able to reject MCA 106 cells injected with H-2KS

vector. Therefore, it is not necessary to pre-immunize with the
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same tumor and recombinant proteins or foreign lymphocytes

containing the HLA-B7 could be used to pre-immunize patients in

future protocols designed to optimize the efficacy of this

transfection procedure.

A. B.

Cell Target: CT26 CT26 H-2K

25 -

CT26 CT26 H-2K

LYSIS
(%)

50

i r i

ANTIBODY:
INHIBITION (%):

- UT4 IHZ - UM IA
- 0 99 - 35 93

- UT4 IA - UT4 tA
- 0 62 - 0 62

Figure 3. Lysis of CT26 cells induced by injection of H-2KS is

mediated by Lyt2+ cytolytic cells.

Splenic lymphocytes were derived from non-immune (A) or H-

2KS immunized (B.) BALB/c mice bearing CT26 tumors injected and

cultured in vitro with irradiated 5 x 10 4 CT26-KS cells (2000R)

.

Tumors were injected with H-2KS plasmid DNA liposomes at days 10,

14, and 17 (A) or 18, 25, and 30 (B) post-inoculation.

Monoclonal antibodies to the indicated cell surface antigens were

included in the cytolytic T cell assay at effector-to-target

ratios of 25:1 (A) or 50:1 (B) , respectively.

X. The ability of the RSV H-2KS vector to provide systemic

immunity.

The ability of the RSV-H-2Ks expression vector to induce

cytolytic T cell activity against CT26 following introduction in
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vivo was assessed using a standard 51Cr release assay. Cytolytic

T cells were present in spleens of animals which received

intratumor injection without prior immunization to H-2KS but not

/3-galactosidase using vector II (Fig. 4) . These results indicate

that systemic immunity against tumor cell antigens has been

obtained and that the RSV enhancer was functional. In addition,

in the CT26 tumor, we inoculated 10 6 cells on the side

contralateral to tumors injected with H-2KS . The side opposite

to the treated tumor failed to grow in such animals, suggesting

that systemic immunity can be achieved against 51Cr-labeled using

this anti-tumor protocol.

EFFECTORrTARGET RATIO
<%>

Figure 4. Cytolytic T cell activity in CT26 tumor-bearing

animals injected with RSV expression vectors. Spleen T cells

were derived as described previously from animals treated with

the indicated vector and tested against CT26 or CT26KS cells.
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XI. Cardiac toxicity in autoimmunity.

In addition to the studies reported in the paper by Stewart

et al. (see Appendix) , several additional pieces of data have

been included. The data presented in the paper by Stewart et al.

documents that there are no changes in CPK enzymes prior to, 16

hours post or 3 -days post-injection with DNA liposome complexes

and there are no pathologic autoimmune changes in the heart or

other organs. In addition, no evidence of ischema or toxicity

was observed by electrocardiographic analysis. Representative

examples of the electrocardiographic tracings from these mice are

included on the following pages to document these studies. In

addition, a total of 8 rabbits received intravenous injection

with DNA liposomes containing the PLJ H-2KS plasmid. Total CPK

and CPK MB enzyme was assayed. There was no detectable CPK MB

present before or after injection, and no significant increases

in CPK (Table I) . These data are summarized below (Appendix)

.
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H-2KS Liposome

Total CPK
(U/L)

MM
(%)

MB
(%)

BB
(%)

Pre-inj ection 1208.5 ± 149 32% 0% 68%

Post-inj ection 1328.1 ± 116 58% 0% 42%
(16 hours)

Post-inj ection 1654.9 ± 328 61% 0% 39%
(3 days)

p = 0 .

2

ANOVA

n = 8

Table 1. CPK MB isoenzyme levels in rabbits injected with DNA

liposome complexes.

In addition, EKG tracings were obtained from mice injected

with saline (control) or PLJ-H-2KS DNA liposome complexes and are

shown on the following pages. Additional data is included in the

manuscript of Stewart et al., 1991.
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CONTROL - MOUSE 1

Preinjection
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CONTROL - MOUSE 2

Preinjection
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DNA LIPOSOMES - MOUSE 3

Preinjection

During injection
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DNA LIPOSOMES - MOUSE 4

Preinjection

During injection

Post injection
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DNA LIPOSOMES - MOUSE 5

During injection

Post injection
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14.0 Common Toxicity criteria (see attached)
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Cancer Clinical Trials

COMMON TOXICITY CRITERIA

Grade

TOXICITY 0 1 2 3 4

WBC > 4.0 3-4,000 1,000-2,999 300-999 < 300

PLT WNL 75 .0-normal 50.0-74.9 25.0-49.9 < 25.0

Hgb WNL 10 .0-normal 8.0-10.0 6. 5-7.

9

< 6.5

Infection none mild moderate severe life-
threaten-

Nausea none able to eat intake no _ _

reasonable significant- significant
intake ly decreased

but can eat
intake

Vomiting none 1 episode in 2-5 episodes 6-10 > 10

24 hrs. in 24 hrs. episodes in episodes
24 hrs. in 24 hrs.

or
requiring
parenteral
support

Diarrhea none increase of increase of increase of increase
2-3 stools/ 4-5 stools/ 7-9 stools/ of > 10

day over day, or day, or stools/day
pre-Rx nocturnal incontinence or grossly

stools, or or severe bloody
moderate cramping diarrhea,
cramping or need

for
parenteral
support

Stomatitis none painless
ulcers

,

erythema, or
mild
soreness

painful
erythema,
edema

,
or

ulcers
,
but

can eat

painful
erythema

,

edema, or
ulcers

,
and

cannot eat

requires
parenteral
or enteral
support

Bilirubin WNL < 1.4 x N 1. 5-3.0 x N 3. 1-5.0 > 5 x N

Transaminase
( SG0T

, SGPT)
WNL < 2.5 x N 2. 5-5.0 x N 5.1-20.0 x N > 20.0 x N

Aik Phos

.

or 5'

nucleotidase

WNL < 2.5 x N 2. 6-5.0 x N 5.1-20.0 x N > 20.0 x N
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COMMON TOXICITY CRITERIA (continued)

i

Grade

TOXICITY 0 1 2 3
r

4

Liver

-

clinical
no change
from
baseline

- ” precoma hepatic
coma

f

Creatinine WNL < 1 . 5 x N 1. 5-4.0 x N 4. 1-7.0 x N > 7.0 x N

Proteinuria no change 1+ or < 0.3

g% or < 3

g/1

2-3+ or 0.3-

1.0 g% or 3-

10 g/L

4+ or > 1.0

g% or > 10
g/L

nephrotic
syndrome

Hematuria neg micro only gross, no
clots

gross +
clots

requires
trans fu-
sion

Alopecia no loss mild hair
loss

pronounced
or total
hair loss

|

f

Pulmonary none or
no change

asympto-
matic, with
abnormality
in PFT's

dyspnea on
significant
exertion

dyspnea at
normal level
of activity

II

dyspnea at
rest

;

I

i

Cardiac

-

dysrhythmias
none asympto-

matic
,

transient

,

requiring no
therapy

recurrent or
persistent,
no therapy
required

requires
treatment

1

requires
monitoring
or
hypotens-
ion, or

ventri-
cular
tachycar-
dia, or

fibrilla-
tion

Cardiac
function

none asymptoma-
tic, decline
of resting
ejection
fraction by
less than
20% of
baseline
value

asymptomatic
decline of
resting
ejection
fraction by
more than
20% of
baseline
value

mild CHF,
responsive
to therapy

1

severe or
refractory
CHF

!'

|

r

if

Cardiac-
ischemia

none non-specific
T-wave
flattening

asymptoma-
tic, ST and
T wave
changes
suggesting
ischemia

angina
without
evidence for
infarction

acute
myocardial
infarction

1

i*

ji
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COMMON TOXICITY CRITERIA (continued)

Grade

TOXICITY 0 1 2 3 4

Cardiac

-

pericardial

none asymptomatic
effusion, no
intervention
required

pericarditis
(rub, chest
pain, ECG
changes)

symptomatic
effusion;
drainage
required

tamponade

;

drainage
urgently
required

Hypertension none or
no change

asymptoma-
tic,

transient
increase by
> 20 mm Hg
(D) or to >
150/100 if
previously
WNL. No
treatment
required.

recurrent or
persistent
increase by
> 20 mm Hg
(D) or to >
150/100 if
previously
WNL. No
treatment
required.

requires
therapy

hyperten-
sive
crisis

Hypotension none or
no change

changes
requiring no
therapy
(including
transient
orthostatic
hypotension)

requires
fluid
replacement
or other
therapy but
not hospi-
talization

requires
therapy and
hospitaliza-
tion;

resolves
within 48
hrs. of
stopping the

agent

requires
therapy
and
hospital-
ization
for > 48

hrs. after
stopping
the agent

Neuro-

sensory
none or
no change

mild
paresthe-
sias, loss
of deep
tendon
reflexes

mild or

moderate
obj ective
sensory
loss

;

moderate
paresthesias

severe
objective
sensory loss
or paresthe-
sias that
interfere
with
function

Neuro-motor none or
no change

subjective
weakness; no
objective
findings

mild
obj ective
weakness
without
significant
impairment
of function

objective
weakness
with
impairment
of function

paralysis

Neuro-

cortical
none mild

somnolence
or agitation

moderate
somnolence
or agitation

severe
somnolence

,

agitation,
confusion,
disorienta-
tion, or
hallucina-
tions

coma,

seizures

,

toxic
psychosis
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COMMON TOXICITY CRITERIA (continued)

Grade
—

t

!

i

TOXICITY 0 1 2 3 4 %

Neuro-
cerebellar

none slight
incoordina-
tion,
dysdiado-
kinesis

intention
tremor

,

dysmetria,
slurred
speech,
nystagmus

locomotor
ataxia

cerebellar
necrosis t

1

Neuro-mood no change mild anxiety
or
depression

moderate
anxiety or
depression

severe
anxiety or
depression

suicidal
ideation

Neuro-
headache

none mild moderate or
severe but
transient

unrelenting
and severe

l

Neuro-
constipation

none or
no change

mild moderate severe ileus > 96

hrs

.

\

Neuro-
hearing

none or
no change

asymptomat-
ic, hearing
loss on
audiometry
only

tinnitus hearing loss
interfering
with
function but
correctable
with hearing
aid

deafness
not
correct-
able

f

Neuro-vision none or
no change

symptomatic
subtotal
loss of
vision

blindness

j

Skin none or
no change

Erythema Dry,

desquamation
vesicula-
tion,

pruritis

Moist,
desquamation
ulceration,
pruritis
requiring
medication

Exfolia-
tive
dermatitis
necrosis
requiring
surgical
interven-
tion

}

l

s

1!

[

jr

Allergy none transient
rash

,
drug

fever < 38C,

100. 4F

urticaria,
drug fever -

38C
,

100. 4F
mild
bronchospasm

serum
sickness

,

broncho-
spasm, req.

parenteral
meds

.

anaphylax-
is

f

P

1

i

]
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COMMON TOXICITY CRITERIA (continued)

Grade

TOXICITY 0 1 2 3 4

Fever in

absence of
infection

none 37. 1-38. 0C
98. 7-100. 4F

38. 1-40. 0C
100. 5-104. OF

> 40. 0C,

> 104. OF for
< 24 hrs

.

> 40. 0C
(104. OF)
for more
than 24
hrs . or
fever
accompa-
nied by
hypoten-
sion

Local none pain pain and
swelling,
with
inflammation
or phlebitis

ulceration plastic
surgery
indicated

Weight

gain/loss

< 5.0% 5. 0-9. 9% 10.0-19.9% > 20.0% --

Hypergly-

cemia

< 116 116-160 161-250 251-500 > 500 or
keto-
acidosis

Hypoglycemia > 64 55-64 40-54 30-39 < 30

Amylase WNL < 1 . 5 x N 1. 5-2.0 x N 2. 1-5.0 x N > 5 . 1 x N

Hypercal-

cemia

<10.6 10.6-11.5 11.6-12.5 12.6-13.5 >13.5

Hypocalcemia > 8.4 8. 4-7.

8

7. 7-7.0 6. 9-6.1 < 6.0

Hypomag-

nesemia
> 1.4 1.4-1.

2

1.1-0.

9

0.8-0.

6

< 0.5

Fibrinogen WNL 0.99-0.75
x N

0.74-0.50
x N

0.49-0.25
x N

< 0.24 x N

Prothrombin
time

WNL 1.01-1.25
x N

1.26-1.50
x N

1.51-2.00
x N

> 2.00 x N

Partial

thrombo

-

plastin time

WNL 1.01-1.66
x N

1.67-2.33
x N

2.34-3.00
x N

> 3.00 x N
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15.0 Informed Consent (see attached)
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University of Michigan Medical School
Department of Internal Medicine
and the Clinical Research Center

CONSENT FORM
(To be read by the Patient and explained
to the Patient by his or her Physician)

.

PROTOCOL : Immunotherapy of Malignancy bv in Vivo Gene Transfer into Tumors

PRINCIPAL INVESTIGATOR: Gary J. Nabel, M.D., Ph.D.

ASSOCIATE INVESTIGATORS: Alfred Chang, M.D.
Elizabeth G. Nabel, M.D.
Gregory Plautz, M.D.

PROTOCOL NUMBER: DATE:

PATIENT NAME: HOSPITAL NO.:

INTRODUCTION

We invite you to participate in a research study at the University of
Michigan Medical Center. Several general principles apply to all who take
part in any experimental studies:

(1) Your participation in this study is voluntary
(2) You may not personally benefit from this study,

but knowledge may be gained from it that will benefit others
(3) You may withdraw from the study at any time for any reason

without jeopardizing your further care.

The nature of the study, the risks, inconveniences, discomforts, and
other information are discussed in the following sections. Please do not
hesitate to discuss any questions you have about this study with the
physicians who explain it to you.

DESCRIPTION OF TREATMENT OR PROCEDURE TO BE UNDERTAKEN

As you are aware, you have cancer which cannot be cured by medicine,
surgery, or radiation. In this study, treatments will be offered that may
help to fight this disease in future patients. Because the treatment is
experimental, you may not derive any direct benefit from it. The purpose
of this study is to determine a safe and effective dose of a new treatment
which will attempt to induce tumor regression. Because this is a new,
experimental treatment, we will also be observing you to determine the
side effects of the therapy. We will also monitor the effects of this
treatment on the growth of your tumor.

By using techniques in the laboratory, it is now possible to prepare
large amounts of DNA or genetic material in bacteria. This DNA will be
complexed to fat bodies, or liposomes, and injected into your tumor. We
will insert DNA into these cells that causes them to produce a protein
which stimulates tissue rejection. This protein is called HLA-B7 ; and it
will cause cells which contain it to be recognized as foreign and rejected
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by cells of your immune system, called lymphocytes. The purpose is to
determine whether this treatment will stimulate your immune system cells
to attack and kill your tumor. This type of therapy which stimulates your
lymphocytes is called immunotherapy.

Alternative Therapies
;

j

There are no known cures for patients with your disease. Other
alternative treatments available to you include radiation or medication to
control pain and medical, surgical, or radiation treatment of any
reversible complications. Other experimental treatments are under
investigation which attempt to stimulate your immune system to reject your
tumor, and you can be referred to physicians who are conducting such
trials. In contrast to this treatment, other protocols usually require
removal of tumor cells or blood cells, laboratory manipulation, and re-
injection. In some cases, proteins are injected which can stimulate the
immune system. You also have the option to receive no treatment at this
time.

Procedures

Before receiving this treatment, you will receive many tests to see
if you qualify for this study. These tests will be made either as an
inpatient or an outpatient. These tests include: 1) blood tests 2) x-
rays of the brain, chest, and abdomen and 3) a blood test for the
antibodies to Human Immunodeficiency Virus (HIV), which causes AIDS. If
you have antibodies to HIV, you may not participate in this study.

If you qualify for this study, we will inject a solution containing
the DNA/liposome complex directly into a tumor nodule. The injections
will be made under sterile conditions after providing a local anesthetic
(xylocaine) , and multiple areas within a single nodule will be injected up
to 10 times. Blood samples (between 1-10 tubes) will be obtained daily at
first, then weekly for the 1st month, and monthly for the next 6 months.
Your blood lymphocytes will be tested for their ability to respond to the
HLA-B7 antigen. We will also examine your blood for evidence of toxicity
from this treatment.

i

At different times in the protocol, tumor biopsies will be performed.
This procedure involves the injection of a local anesthetic (xylocaine)
under sterile conditions, followed by insertion of a needle into the tumor
nodule and withdrawal of a sample of the tumor. This procedure will be
performed prior to treatment and at intervals of 2-6 weeks up to 4 times.

RISKS AND SIDE EFFECTS

There are potential side effects and risks to this procedure. First,
you may experience mild discomfort from needle injections or tumor
biopsies. You may have mild discomfort and bleeding from the tumor
biopsy. You will be given a local anesthetic to minimize the discomfort.
Second, even though the DNA inserted into your tumor is considered
harmless to you, events could occur within normal cells that allow them to
become cancerous. Laboratory studies suggest that this possibility is
unlikely. However, this is a new procedure and we do not know whether
cells could become abnormal after long periods of time. In animal
studies, we have not observed the development of cancer cells in any
animals tested. Third, the inserted gene will make a protein that
inactivates certain antibiotics. These antibiotics are not usually used
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to treat infections in humans, and many other antibiotics that are not
activated will be available and effective in treating any potential
bacterial infections.

We emphasize that this procedure, called direct gene transfer, has
never been used before in human patients. Because this procedure is new,
it is possible that despite our extensive efforts, other unforeseen
problems may arise, including the very remote possibility that death may
occur.

You will undergo biopsy of tumor and other tissue, if available, on
several occasions before and after injection. Blood and tissue specimens
will be taken where possible to follow the duration and effects of HLA-B7
expression. If we are successful in this protocol, you will be immunized
to the HLA-B7 protein. In the event that you should require an organ
transplant, you would not be able to receive an organ from an individual
who makes this protein, on average, -15% of donors.

Follow-Up

After you receive the treatment, you will be discharged from the
hospital if you have no other significant medical problems. You will be
required to return to the University of Michigan Medical Center for
follow-up studies described above. Tests used to decide if your tumor has
responded to the therapy will be similar to those you had before beginning
the therapy. If your disease recurs after treatment in this protocol, you
will be eligible for other protocols and will receive treatment as
indicated by your disease or referred elsewhere for such treatment.
Because this form of therapy is new, unanticipated side effects that may
cause your condition to deteriorate could be encountered. You will be
closely monitored for such side effects.

Treatment will continue as long as there is sufficient possibility of
response to warrant the risks and side effects encountered. Your
physicians feel that the risks of your disease are much greater than the
risks of the treatment as outlined above. Furthermore, your physicians
have considered your individual situation and have concluded that, at this
time, no other therapeutic approaches such as surgery, radiation therapy,
or other chemotherapeutic treatments are clinically indicated as being
more effective. At some later time, should these alternatives be
clinically indicated, they will be discussed with you because this study
does not preclude their use.

Other Pertinent Information

1. Confidentiality. When results of a study such as this are reported in
medical journals or at meetings, the identification of those taking
part is withheld. Medical records are maintained according to current
legal requirements, and are made available for review, as required by
the Food and Drug Administration or other authorized users, only under
the guidelines established by the Federal Privacy Act. A qualified
representative of the National Institutes of Health may inspect
patient and study records. This procedure may attract attention from
the media. We will make every effort to protect your confidentiality.
Because of media interest, however, there is a significant chance that
information concerning you and your treatment will appear publicly
without your consent.
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2 .

3.

4.

Policy regarding research-related injuries. In the unlikely event of
physical injury resulting from research procedures, the University \

will provide first-aid medical treatment. Treatment of injuries or
side effects directly related to this experimental treatment will be
provided at no cost to you. Additional medical treatment will be ji

provided in accordance with the determination by the University of its
responsibility to provide such treatment. However, the University
does not provide compensation to a person who is injured while
participating as a subject in research.

You will not be paid to take part in this study.

Outpatient and inpatient studies will be ordered to determine your
eligibility for study and whether you have had a response to the
treatment. Clinic visits, laboratory tests, x-rays, and scans will
not be free. Items which are not covered by insurance which relate to
this research protocol will be covered by research grants. The cost
of tests and treatments unrelated to this study will be handled as
usual and will depend on whether or not you have insurance and what
costs your insurance covers. Unfortunately, insurance coverage cannot
be guaranteed for all tests and treatments; however, you may discuss
this issue with the hospital financial office or your insurance
company before you agree to participate. i:

5. This consent form does not include consent relating to the risks of
any surgical procedures. Any surgical procedures performed will
require a separate consent form.

.

Please understand that you are free to withdraw your consent to
participate in this study at any time during treatment or follow-up and
seek care from any physician with no loss of benefits or disruption in
your care.

The team of physicians and nurses providing care in this study are
very experienced. You must realize, however, that unforeseeable or
unexplained risks are always possible when investigational therapies are
undertaken.

If you have questions pertinent to this research, you should contact
Gary J. Nabel, M.D., Ph.D., at 313/747-4798.

If you feel that you have a research-related injury, contact Gary J.
Nabel, M.D., Ph.D., at 313/747-4798.

The following numbers are for your use if medical problems develop
during treatment:

Office:
Clinical Research Center:
Voice Mailbox:
Doctor or Nurse:

Home

:

313/747-4798
313/936-8090
313/764-9121 (after office hours)
313/936-6266; Paul Watkins, M.D.
(This is a hospital beeper; ask the paging
operator to page #9128. Use the following
numbers in case of an Emergency Only)

.

(Outside of regular office hours if the paging
service won't do.)
313/995-5848; Dr. Gary J. Nabel
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Questions on my rights as a patient may be directed to Ann Munro in
the Patient/Staff Relations Office at 313/763-5456.

I have fully explained to the patient,
,

the nature of the treatment program described above and such risks as are
involved in its performance.

Physician's Signature

I have been fully informed as to the procedures to be followed
including those which are investigational, and have been given a
description of the attendant discomforts, risk, and benefits to be
expected, and the appropriate alternative procedures. I realize that,
since my participation is voluntary, I can refuse this treatment without

|

in any way prejudicing my future medical care. In signing this consent
form, I agree to this method of treatment, and I understand that I will
receive the best supportive care even if not receiving this protocol
treatment. I also understand that my doctors can stop my treatment on
this protocol if they feel the risks in my case have increased, over time,
to exceed the potential benefits to me. I understand, also, that if I

have any questions at any time, they will be answered. I have received a
copy of this consent form.

I am not and will not become pregnant during this study.

I understand that the University will provide first-aid medical
treatment in the unlikely event of physical injury resulting from research
procedures. Treatment of injuries or side effects directly related to the
experimental treatment will be provided at no cost to me. Additional
medical treatment will be provided in accordance with the University's
determination of its responsibility to do so. The University does not,

i however, provide compensation to a person who is injured while
|

participating as a subject in research.

I have not engaged in any other research projects with the past six
(6) months [ ]

.

With the past six (6) months, I have been involved in a study by Dr.—
I have [ ] have not [ ] been under the care of a physician within

the past twelve (12) months.

Signature of Patient

Date

Witness
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16.0 Scientific Abstract

The goal of immunotherapy is to stimulate the immune system

by modification of tumor cells or expansion of lymphocytes which

respond specifically to tumor antigens. In this study, we will

apply techniques of direct gene transfer to enhance immune

response against tumors in vivo . Patients with advanced cancer

who have failed all effective therapy will be treated by

injection of a DNA/liposome complex directly within the tumor.

DNA encoding an HLA-B7 histocompatibility antigen and the

neomycin-resistant gene in a eukaryotic expression vector will be

used, and a safe and effective dose to introduce this recombinant

gene in HLA-B7” patients will be established. HLA-B7 expression

will be confirmed in vivo , and the immune response stimulated by

the expression of this antigen will be characterized. We will

also determine whether this treatment facilitates tumor

regression alone or in combination with other treatment

modalities. This genetransfer approach will be analyzed for its

efficacy as an anti-cancer treatment. Finally, these studies

will allow the development of other approaches, using different

recombinant genes or in combination with cytokines or adoptive T

cell therapy, to augment tumor immunity. This method to treat

malignancy may provide the basis to establish the safety on this

general approach, which could be extended to treat a variety of

other human diseases.
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17.0 Non-technical Abstract

Many types of cancer cannot be cured by traditional medical

treatments, including drugs, surgery, or radiation. In this

study, an experimental treatment will be offered that may help to

fight this disease. We will attempt to induce tumor regression

by the introduction of genetic material that directs the

symthesis of a protein which stimulates the immune system. The

genetic material, DNA, will be introduced directly into the tumor

by mixing it with fat bodies, or liposomes, and this mixture will

be injected into the tumor. The DNA will be taken into cells and

cause them to produce a protein that stimulates tissue rejection.

This protein, called HLA-B7 , causes cells which contain it to be

recognized as foreign by the immune system. The goal of the

treatment is to stimulate the immune system to attack and kill

the tumor. In this study, we will determine a safe and effective

dose to administer the DNA/liposome complex. Increasing amounts

of this complex will be used in different patient populations.

If no side effects are observed, repeated treatments will be

instituted. The expression and nature of the immune response

will also be characterized. This treatment may provide a

therapeutic effect in cancer and could be applied to the

treatment of other diseases.
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1.0. INTRODUCTION AND PROTOCOL RATIONALE

1.1) Rationale for bone marrow transplant in leukemia:

Bone marrow transplantation has been used to
increase the long-term survival for patients with
acute leukemia and holds the only hope for cure in
patients who relapse after successful induction
therapy. For patients undergoing an HLA-matched
sibling allogeneic bone marrow transplant (AlloBMT)
the long-term survival is approximately 55% for
acute myelogenous leukemia (AML) transplanted in
first remission and approximately 45% for patients
with acute lymphocytic leukemia (ALL) transplanted
in second remission (1-12)

.

Unfortunately, only 25-30% of patients with acute
leukemia have a HLA-matched donor. Also, the
success of AlloBMT is related to the patient's age
and most centers exclude patients over 50.
Considering the peak incidence of AML is in the mid
to late 50' s, only 10-15% of AML patients are
currently eligible for AlloBMT (13,14). In
addition, if there is no HLA-matched sibling
available to donate the bone marrow, there often is
a lengthy delay in finding a suitable HLA-matched
unrelated donor during which time the patient may
relapse. For these reasons autologous bone marrow
transplantation (AuBMT) has been evaluated in the
treatment of acute leukemia.

AuBMT for acute leukemia is becoming an
increasingly common procedure. Of the 2700 patients
registered in the International Autologous Bone
Marrow Transplant Registry in 1987, 19% received
AuBMT for AML and 15% for ALL (15) . The number of
AuBMT performed for acute leukemia is increasing,
with a four fold increase between 1983 and 1987

(15.16)

. Preliminary data for autologous BMT in
acute leukemia is encouraging. The 3 year disease-
free survival is approximately 50% for AML patients
transplanted in first remission (17-23) . The
relapse rate is higher for AuBMT than AlloBMT but
the treatment related mortality for AuBMT is less
than 10% (14,18,19,24,25) so that the overall
survival for the two procedures are similar

(13.17)

. It is possible that the apparent success
of AuBMT in AML is related to patient selection
bias (26)

.

Currently randomized prospective
clinical trials comparing allogenic and autologous
bone marrow transplant in AML are underway in
Europe and the US to address this issue.
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AuBMT for patients with ALL show a high relapse
rate, greater than 80% for patients transplanted in
second or later remission, but preliminary studies
suggest that the overall survival may be equivalent
to results with patients receiving AlloBMT (10,27-
29) .

AuBMT has an advantage over conventional
chemotherapy in allowing intensification of
therapy, permitting 1.5 to 3 times the drug dosage
administered in conventional chemotherapy protocols
(13) . The advantages of AuBMT over AlloBMT include
applicability to older patients, no restrictions
related to donor availability, no graft rejection,
and no severe graft-versus-host disease.

The disadvantages of AuBMT include the potential
loss of the "graft versus leukemia" effect and
inadvertent transplantation of marrow contaminated
with residual leukemia. Human syngeneic transplants
have a higher relapse rate (59%) when compared to
allogenic transplant (18%) for first remission AML
supporting the contention that the graft may have
an important antileukemic effect (30)

.

The loss of
any anti-leukemic effect of an allograft is
currently offset by the decreased treatment related
mortality of syngeneic BMT. The incidence and
importance of inadvertent transfer of leukemic
cells in the transplanted marrow is not known and
is the question being addressed in this protocol.

1.2) Rationale for the use of retroviral-mediated gene
transfer in bone marrow transplant

A major issue related to AuBMT is determining
whether there is transfer of leukemic cells in the
transplanted marrow. The significance of residual
leukemia is difficult to assess since the factors
leading to leukemic relapse after AuBMT are not
known. Relapse may depend on recurrent leukemia in
the transplanted marrow, insufficient conditioning
(i.e. leukemic cells survive the BMT ablative
regimen)

,
or both.

If elimination of residual leukemia is critical to
the success of AuBMT, then methods to "purge" the
marrow of leukemic cells should decrease the
relapse rate. A variety of purging methods have
been evaluated using monoclonal antibodies (30-33)
and drugs such as 4-HC, Asta Z 7557 and VP-16
(32,34-36). While some reports are encouraging the
patient numbers are small and the follow-up is
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short. Overall there appears to be no advantage to
marrow purging in AML with only a modest potential
benefit in ALL (10,13,14,17,29,32,37,38). Taken
together, these data suggests that improving the
preparative regimen, rather than marrow purging,
may be important in increasing patient survival and
decreasing relapse after AuBMT for AML. If the
cause (s) of leukemic relapse after AuBMT can be
resolved, new transplantation protocols can be
studied to decrease the relapse rate after AuBMT.

One approach to determining the cause of disease
relapse would be to mark the transplanted cells
used for AuBMT. At present there are no reliable
clinical procedures for long-term marking of
autologous cells in vivo . Radionuclides have been
extensively evaluated as labels, but their in vivo
use is limited by either rapid decay or radiation
exposure (39,40). In addition, the loss,
reutilization, or sequestration of label by cells
not related to the original labelled cells is a
significant problem for long-term in vivo studies.

We propose to use retroviral-mediated gene transfer
(RMGT) to mark autologous cells since retroviral
vectors are extremely well suited to labelling
autologous cells. Retroviral vectors have the
following advantages: (1) they insert stably into
the target cell genome; (2) the label dies with the
cell, it is not lost or sequestered; (3) if the
cell divides, all of its progeny also contain the
marker; (4) very sensitive methods of vector
detection, namely the polymerase chain reaction,
exist which can detect approximately 1 in 10 5 cells
containing the vector; (5) if a selectable marker
gene is used, it may be possible to select out
marked cells from a population of cells which do
not contain the vector; and (6) RMGT is a simple
technical procedure which does not expose the
marked cell to toxic compounds or radioactivity
which might alter the function of the marked cells.

RMGT has been used extensively in vitro in many
types of cells including leukemia cell lines and
bone marrow. Human leukemic cell lines are easily
transduced with retroviral vectors with an
efficiency of 10-60% using the transduction
protocol proposed in this study (41-43) . RMGT has
also been used extensively in mice syngeneic bone
marrow transplantation with stable integration and
expression of exogenous genes (44-50)

.

Drs.
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Anderson and Cornetta have considerable experience
in RMGT in primates. In these experiments gene
transfer into normal bone marrow was attained in
the majority of animals (51,52). While the
transduction efficiency in these experiments was
too low for clinical applications of gene therapy,
the RMGT protocol demonstrated that RMGT could be
performed in the setting of AuBMT without
significant effects on the viability of bone marrow
cells and subsequent hematopoietic reconstitution.

RMGT is currently being used in a human clinical
trial in which tumor infiltrating lymphocytes (TIL)
are marked with the LNL-6 vector (Appendix 3) . LNL-
6 is a vector developed in the laboratory of A.
Dusty Miller and is based on the Moloney murine
leukemia virus (MoMLV) and contains a bacterial
gene for neomycin resistance (neoR

) . LNL-6 is a
safety-modified version of the vector N2 . The neoR

gene product, neomycin phosphotransferase, is a
selectable marker since it protects cells from the
neomycin analogue G418, (which is normally toxic to
mammalian cells) . LNL-6 is manufactured by Genetic
Therapy Inc. and has been approved for limited use
by the U.S. Food and Drug Administration. An IND
will be submitted to the FDA regarding the use of
LNL-6 in this protocol.

This protocol is designed to study the feasibility
of using RMGT in the setting of AuBMT. The patient
population eligible for study is a high risk
population with a recurrence rate as high as 70-80%
in the first year. Accrual goals are 10 patients
with AML and 10 patients with ALL.

2 . 0 OBJECTIVES

1.) To use RMGT to mark bone marrow cells used for
autologous bone marrow transplantation (AuBMT) in
patients with acute leukemia and to assess whether
relapsed patients have leukemic blasts which
contain the marker gene. If leukemic cells are
shown to contain the retroviral-mediated
transferred gene, it will establish that leukemic
cells were contained in the bone marrow used for
transplantation and these cells contributed to
relapse. It will confirm the importance of marrow
purging and may increase our understanding of
leukemia relapse.
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2
. ) To observe the fate of LNL-6 vector when introduced into

normal bone marrow cells during AuBMT

.

3 . ) To evaluate the safety of retroviral-mediated gene
transfer (RMGT) as a method of marking autologous
cells in the setting of AuBMT.

3.0. PATIENT SELECTION

Each referred patient will be considered individually
with careful review of past history and present status.
The referring physician, the attending BMT physician,
patient, and family members will make a joint decision
regarding further treatment based on both short and long
term benefits and risks of autologous bone marrow
transplantation as compared to conventional therapy.
After the decision to undergo AuBMT is made, the proposed
protocol will then be offered to the patient. The
patient's decision to participate or decline RMGT will
not modify the type or time of AuBMT.

3.1) Criteria for Patient Eligibility

3.11) Patients who have harvested and stored
marrow sufficient for transplantation (>2
x 108 nucleated cells/kg) obtained during
a complete remission (see 5.1 - Criteria
for Marrow Harvest)

.

3.12) Patients with histologic confirmation of
the following diseases are eligible:

Acute myelogenous or acute lymphocytic
leukemia in second or greater remission

Acute myelogenous or acute lymphocytic
leukemia in early relapse, defined as
<30% marrow blasts

Refractory acute myelogenous or acute
lymphocytic leukemia with less that 10%
marrow blasts

3.13) Patients must be greater than or equal to
18 years but less than or equal to 65
years of age.

3.14) Patients must be able to give informed
consent.
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3.15) Patients must have an ECOG Performance
Status of 2 or less. (See Table 1)

3.16) Patients must have no evidence of active
infection at the time of transplantation.

3.17) Patients must be HIV
nonreactive.

3.18) Patients must have a pretransplant,
multi-organ assessment: see Section 6.1.

3.21 Criteria for Patient Ineliaibilitv

3.21) Patients who have an estimated life
expectancy of less than three months with
bone marrow transplantation

3.22) Patients who have an ECOG performance
status greater than 2 (See Table 1)

3.23) Patients who have angina and/or
congestive heart failure requiring
treatment, or who have had a myocardial
infarction within the past year

3.24) Patients who have a resting ejection
fraction of less than 50%

3.25) Patients who have severe renal disease as
demonstrated by a serum creatinine
greater than 2 . 0 mg/dL and/or a
creatinine clearance less than 50 ml/min

3.26) Patients who have any active soft tissue
infection, sinus infection, dental
infection, fungal infection or hepatitis
including chronic active hepatitis; if
the infection is successfully treated,
the patient may be reconsidered for
transplantation at a later date.

3.27) Patients who have a positive HIV status

3.28) Patients who have decreased pulmonary
function due to any disorder as
demonstrated by a diffusion capacity of
less than 50% of predicted, a FEV! of
less than 60% of predicted or a P02 of
less than 80 mm Hg
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3.29) Patients who have decreased liver
function as demonstrated by a total
bilirubin of greater than 2.5 mg/dL.

3.210) Patients who have diabetes mellitus will
be considered on a case-by-case basis.
However, patients with diabetes who are
not controlled by medical management will
be ineligible.

3.211) Psychiatric illness requiring psychiatric
counseling or medical intervention other
than antidepressant medications may make
an individual ineligible.

3.212) Psychosocial assessment by the bone
marrow transplant team may identify
individuals for whom this form of therapy
may be contraindicated. These decisions
will be based upon estimated adequacy of
patient support systems and prediction of

..Ml'

0&K<I» patient 1 s compliance with medications,

JL required diagnostic procedures and/or
follow up care.

4 t/
;

|

O'

!

4 . 0 PATIENT ENTRY

(
T 4.1} Registration at the time of marrow harvest:
5b
Buffet

|

.Jr Patients must be registered at the time of bone
marrow harvest so that the transduction can be
done. However, patients will not be considered
actively on study until the conditioning regimen
for the bone marrow transplant has been started.
Prior to registration the following must be
confirmed:

4.11) Harvest guidelines (Section 5.1) have
been met

4.12) Informed consent signed

4.2) Registration at the time of bone marrow transplant :

Patients must be registered at the time the bone
marrow conditioning regimen is started. Prior to
entry on-study the following must be confirmed:

4.21) Eligibility criteria have been met
(Section 3.0)
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4.22) Pre-study
Section 6.

evaluation
1)

completed (See

4.23) Approval for entry by one of the
following persons

Kenneth Cornetta, M.D. 274-3589
Guido Tricot, M.D. 274-0843
E. Randolph Broun, M.D. 274-0843
Robert Hromas, M.D. 274-3589

4.3) All patients will be registered on-study by calling
Tess Weathers (274-0932) both at the time of
harvest and at the time of conditioning for the
transplant. The following information will be
requested:

Patient's Name
Medical Record Number
Birth Date
Sex
Address (zip code)
Staff Physician Entering and Department
Date of Harvest or Date of Bone Marrow
Transplantation
Diagnosis
Disease Status at the time of transplantation

4.4) Cancellation Guidelines

If a patient does not receive protocol therapy, the
patient may be canceled. Reasons for cancellation
should be submitted to the Biostatistics Office as
soon as possible.

Note: A patient may only be canceled if no
protocol therapy is administered. Once a
patient has been given protocol
treatment, all forms should be submitted.

5.0 TREATMENT REGIMEN

5.1) Harvest guidelines :

Patients will enter the study at the time of bone
marrow harvest. Bone marrow must be obtained and
frozen during a complete remission. Transduction
will be done before the cells are frozen and
stored. It is anticipated that patients will have
their bone marrow harvested and then proceed
directly to conditioning and transplantation.
However, there may be some patients who have their
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marrow stored for transplantation at a much later
date. Criteria for marrow harvest must include:

5.11) Patients must be greater than one month
from cytotoxic drug therapy at the time
of marrow harvest.

5.12) Pre-harvest bone marrow aspirate and
biopsy performed within 1 weeks of
harvest must demonstrate adequate
cellularity (based on bone marrow biopsy
cellularity of greater than 40%, taking
into account sampling error) , and no
evidence of leukemia (<5% blasts and
absence of leukemic markers, such as Auer
rods)

.

5.13) Cytogenetic analysis performed on the
pre-harvest bone marrow must show no
evidence of malignancy.

5.14) Cell harvest must be sufficient for
marrow reconstitution (cell yield must be
greater than 2.0 x 10® nucleated
cells/kg) . This should yield sufficient
cells for bone marrow transplantation
even if the cells taken for vector
preparation cannot be used.

5.15) No more than 30% of the harvested marrow
will be exposed to the retroviral vector.

5.2) Vector Preparation

5.21) The LNL-6 vector

The LNL-6 vector (Figure 1) was developed
in the laboratory of A. Dusty Miller (53)
and is a safety-modified version of the
retroviral vector N2 . The vector was
constructed by modifying the Moloney
murine leukemia virus (MoMLV) by removing
the viral genes and replacing them with
the bacterial neoR gene. The vector has
a number of modifications to decrease the
likelihood of successful recombination
between the vector and packaging cell
genome that might result in replication-
competent virus. The modifications
include deletion of 5' and 3' sequences
to minimize homology and substitution of
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5.22)

a stop codon at the gag start codon.

The LNL-6 producer cell line

The LNL-6 producer cell line was created
by transfection of the LNL-6 vector into
the PA317 producer cell line (54)

.

The
vector containing supernate obtained from
the LNL-6 producer cell line is
extensively tested for exogenous
pathogens and replication-competent virus
(see Section 7.3).

The supernate (provided by Genetic
Therapy, Inc.) to be used for human
clinical use has passed all studies, and
no pathogens were detected. The
supernate is approved for clinical use by
the U.S. Food and Drug Administration.

5.3) Transduction Protocol

At the time of marrow harvest the majority of the
marrow will be untreated as not to affect or alter
the therapeutic benefit and reconstitution
potential of the transplanted marrow. At least 2xl08

nucleated cells/kg must be obtained at harvest. The
first 3 patients will have 10% of their marrow
cells exposed to retroviral vector. If no untoward
effects on marrow reconstitution is observed the
portion of marrow treated will be escalated to 30%
in the remaining patients.

Untreated marrow will be frozen according to our
current protocol (English et. al., Transfusion
29:12-16, 1989)

.

The portion to undergo RMGT will first undergo
Ficoll-Hypaque separation and the mononuclear cell
fraction will be washed twice in phosphate buffered
saline (PBS) . Cells will be exposed to the LNL-6
vector at a ratio of 1 to 10:1 vector particles to
cell. The mixture will be incubated at 37° for 4

hours in the presence of protamine sulfate, a
polycation which enhances transduction (55) .

Marrow cells exposed to LNL-6 will be pelleted,
washed twice in PBS, then frozen in a manner
identical to the untreated marrow. Viable cell
counts will be obtained prior to and after vector
treatment. Preliminary data in the design of the
transduction protocol can be found in Appendix 1.
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Treated and untreated cells will be stored
separately in liquid nitrogen. They will be thawed
and administered at the time of AuBMT in the
standard fashion.

5.4) Preparative regimen and bone marrow infusion :

The autologous bone marrow transplantation will
take place using current preparative regimens and
infusion procedures (Appendix 2) . Both the treated
and untreated bone marrow be infused. Standard
supportive care measures will be used following
bone marrow transplantation. In addition, patients
will be monitored closely for adverse reactions to
the inserted gene.

5.5) Adverse Reaction Reporting Requirements :

5.51) This protocol uses retroviral-mediated
genetic material which is considered an
IND agent. Toxicities occurring on this
treatment should be considered IND
related.

5.52) The following adverse reactions must be
reported to the NIH Office of Protection
from Research Risks (OPRR) and the local
IRB in the following manner described.
In addition, a copy of the report will be
forwarded to the NIH Office of
Recombinant DNA Activities and the US
Food and Drug Administration.

5.521) Deaths

Any death from any cause while
a patient is receiving
treatment on this protocol or
up to 3 0 days after the last
dose of protocol treatment, or
any death which occurs more
than 3 0 days after protocol
treatment but which is felt to
be treatment related, must be
reported as follows:

A telephone call must be made
to the principal investigator
Dr. Cornetta at 274-3589 and to
the OPRR, Charles R. McCarthy,
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(301) 496-7005, within 24 hours
of the event. An Adverse Drug
Reaction Form must be sent to
the principal investigator and
the NIH Office for Protection
from Research Risks within 10
working days.

Charles R. McCarthy
OPRR
Building 31
Room 5B-59
NIH
Bethesda, MD 20892

5.522) Life-Threatening Events (Grade
4) (ECOG Common Toxicity
Criteria (Table 2) )

:

A telephone call must be made
to the principal investigator
at 263-1836 and to the OPRR,
Charles R. McCarthy, (301) 496-
7005, within 24 hours of any
grade 4 toxic event which may
be due to the IND agent. An
Adverse Drug Reaction Form must
be sent to the principal
investigator and the OPRR
within 10 working days (see
5.221 for the address).

5.523) First Occurrence of a Toxicity

The first occurrence of a
toxicity (not previously
reported) , no matter what the
grade (1-5) ,

must be reported
by phone to the principal
investigator and the OPRR,
Charles R. McCarthy, (301) 496-
7005, within 24 hours of the
event. An Adverse Drug
Reaction Form must be sent to
the principal investigator and
the OPRR, Charles R. McCarthy,
(301) 496-7005 within 10 days
working days.
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5.6) Theoretical Side Effects and Monitoring

5.61) Theoretical Side Effects

No side effects have been seen in animal
studies nor the very limited human
research. However, since this is a very
new procedure, the risks may not be
known. There are some theoretical risks
to this procedure. First, even though
the virus used to insert the gene into
the bone marrow cells cannot grow and is
considered harmless, it is possible that
events could occur within a cell that
cause the cell to become cancerous. It
is also theoretically possible that the
LNL-6 vector preparation used could be
contaminated with replication-competent
murine retrovirus. What, if any, affects
replication-competent murine retroviruses
have on humans is unknown (see Section
7.4, Safety Issues). The inserted gene
may produce a protein that inactivates
certain antibiotics. These antibiotics
are not commonly used to treat infections
in humans. Many other antibiotics are
available that will not be inactivated
and these will be used in treating any
bacterial infections that might occur.

5.62) Monitoring for Adverse Reactions

Side effects are not expected from this
treatment. However, side effects from
the bone marrow transplantation itself
will be universal. When evaluating this
treatment, we will need to separate side
effects that would be considered normal
for bone marrow transplantation from
those attributable to the gene transfer.
Side effects will be evaluated
continually on each patient. After three
patients have been entered, we will
suspend accrual until each has received
their 21 day work-up, in order to
quantify side effects. If grade 3-4
toxicity not attributable to the bone
marrow transplant occurs, entry will be
suspended and the FDA and OPRR of the NIH
will be contacted immediately. The study
will reactivate only if the PI and the
two regulatory agencies agree that the
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procedure does not pose an unacceptable
risk to the patients or public. One
theoretical side effect that is put
forward in the consent is that the RMGT
might cause a second malignancy.
Secondary malignancies could take months
or longer to develop, therefore,
screening for adverse reactions will be a
long-term process.

5.7) Conditions for Off-Studv

1. Patients will be considered on study until
death unless they meet the criteria listed
below. Patients who relapse will have
leukemic cells analyzed for vector presence at
6 month intervals and at the time of any
subsequent relapses. These tests are
necessary to determine if vector persists and
also to study the number of leukemic clones
that contain LNL-6 (Southern Blot)

.

2 . Patients may withdraw their consent to
participate right up to the time of
transplantation. If the gene transfer does
not take place in registered patients,
patients will be considered off study after
the day 21 testing (see Section 6.3). Such
patients will be followed for survival and
relapse until death.

3. If the LNL-6 treated cells are not suitable
for infusion, the patient will be taken off
study after the day 21 testing (see Section
6.3). The patient will be followed for
survival and relapse until death.

6.0 STUDY PARAMETERS

6 . 1) Pretreatment Evaluation

The following tests will be performed and reviewed
by the designated transplant physician before the
preparative transplant regimen is initiated:

6.11) Comprehensive medical history and
physical examination (Pertinent medical
records and slides from the referring
physician and/or institution must be
available at the time of this evaluation)
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6.12) Bone marrow aspirate and biopsy with
cytogenetics

6.13) CBC with differential, platelet count and
reticulocyte count

6.14) Chemistry survey and electrolytes

6.15) Hepatitis B Panel (surface antigen, core
antibody, surface antibody) and Hepatitis
A total antibody

6.16) Viral serologies to include EBV IFA, CMV,
HSV, VZV and HIV

6.17) X-rays to include chest and sinuses.
(Other x-rays may be indicated by the
patient's medical history.)

6.18) CT Scan with contrast or MRI with
contrast of head to include sinuses if
neurologic examination or sinus films
abnormal

6.19) Rest MUGA.

6.110) Complete Pulmonary Functions (Oncology
Profile) to include arterial blood gases

6.111) Consultations with Dentistry.

6.112) Placement of a central venous catheter

6.113) Twenty four hour urine collection for
creatinine clearance

6.2) Study Parameters Following Pretreatment Evaluation

Data collection will have three objectives: (1)
determine if relapsed patients have evidence of
retroviral gene insertion in the leukemic cells,
(2) observe the fate of the LNL-6 retroviral vector
when introduced into bone marrow cells during AuBMT
and (3) add additional safety data to the existing
data obtained in the LNL-6/TTL human gene transfer
clinical trials currently being conducted at the
NIH.

Safety data will be obtained in all patients. LNL-
6 vector presence will also be monitored with time
to determine if vector sequences persist in normal
marrow. For the subset of patients who relapse.
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leukemic cells will be analyzed for vector presence
and the number of leukemic clones containing
vector.

6 . 21 )
Studies to be performed

6.211) Pre-harvest samples (<3 weeks
prior to harvest)

.

. Bone marrow aspirate and
biopsy

light microscopy
cytogenetics

6.212) Pretreatment - Baseline studies
to test for the presence of
retroviral vector and
retrovirus in the untreated
bone marrow cells of the
patient (PCR for neoR and viral
env gene, and 3T3
amplification) and serum
antibodies to viral proteins
(Western blot) (see Section

.

3).

a. Bone marrow cells at
harvest (untreated)

108 cells in preservative-
free heparin:

2xl06 cells for neoR PCR
2xl06 cells for viral env
PCR
2xl06 cells for 3T3
amplification
lxlO 7 cells for Southern
blot analysis
2 x 1 0 6 cells for
methylcellulose assay
remainder - store in
liquid nitrogen

b. Blood (day of harvest)

10 ml red top tube, store
serum at -70 °C run
Western blot after d 100
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6.213) Post-transduction marrow (prior
to freezing) to assess LNL-6
treated cells immediately after
transduction

a. Bone marrow cells at
harvest (treated)

4 x 1 0 7 cells in
preservative-free heparin
analysis: see 6.212 above

6.214) Post-transplant samples to be
collected

day 21

ANC >1500 and platelets >50,000
untransfused

day 100

yearly

a. Bone marrow aspirate and
biopsy

light microscopy
(cytogenetics day 100)

b. Bone marrow cells

5 ml of marrow
analysis:

2xl06 cells for neoR PCR
lxlO 7 cells for Southern
blot analysis
2 x 1 0 6 cells for
methylcellulose assay

c. Blood - cells

10-20 ml in preservative-
free heparin
analysis: see 6.214b
above

d. Blood - serum (collect
day 100 and 1 year)

[
484]
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6.215)

6.216

6.217

10 ml red top for serum
analysis: see 6.212 above

Relapse

a. Bone marrow aspirate and
biopsy

light microscopy
cytogenetics

b. Bone marrow cells

5 ml of marrow in
preservative-free heparin
analysis: see 6.214b
above

c. Blood - cells

20-30 ml in preservative-
free heparin
analysis: see 6.214b
above

Studies post-relapse - q 6
months

a. Bone marrow cells

5 ml of marrow in
preservative-free heparin
analysis: see 6.214b
above

b. Blood - cells

20-30 ml in preservative-
free heparin
analysis: see 6.212 above

Autopsy (if performed at
Indiana University)

a. Bone marrow cells

5 ml of marrow in
preservative-free heparin
analysis: see 6.212 above

b. Blood - serum

Recombinant DNA Research, Volume 15 [485]



10 ml red top for serum
analysis: see 6.212
above

Note:

For post-transplant samples Southern blot analysis will
only be performed on samples which demonstrate the neo R

gene by PCR.

If samples from relapsed patients contain <75% blasts
analysis will be performed on specimens after enrichment
by cell sorting.

6.3 Study Parameters - Specimen Analysis Protocols . The
methods for specimen analysis are detailed in
Appendices 3, 4, 5, 6 and 7. They are summarized
briefly here.

Polymerase Chain Reaction The techniques used for
polymerase chain analysis has been previously
published by the protocol authors and a reprint is
available in Appendix 4. In brief, untreated and
LNL-6 transduced cells are processed in identical
fashion. 1-2 ug of genomic DNA in a total volume of
100 ul was used for each reaction. The reaction
reagents were purchase in kit form (GeneAmp) from
Perkin Elmer Cetus. The oligonucleotide primers
used for the analysis of the NeoR gene primer had
the sequences: CAAGATGGATTGCACGCAGG and
CCCGCTCAGAAGAACTCGTC and the 4070A envelope region
have the following sequences: ACCTGGAGAGTCACCAACC
and TACTTTGGAGAGGTCGTAGC . Samples were subjected to
30 cycles of denaturation (94°C, 2 min 45 sec),
annealing (53°C, 2 min), and polymerization (72°C,
3 min 3 0 sec) in an automatic DNA Thermal Cycler
then subjected to ethanol precipitation and
electrophoresed on a 3% NuSieve agarose/1% regular
agarose gel. Southern blot analysis (using a 32P end
labeled oligonucleotide probe) was used to confirm
the presence of the neo R gene or the 4070A viral
envelope. These techniques have been used in
clinical RMGT trials (Appendix 3)

.

Southern Blot Analysis Genomic DNA will be
prepared and blotted as previously described and
used in Appendix 5 and 6. Restriction enzymes to be
used will be Kpnl (cuts within each LTR) and EcoRI
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(single restriction site in LNL6) . The 1.6 kb
Hindlll-BamHI fragment of pNeo (P-L Biochemicals)
will be used as a probe.

3T3 Amplification The use of 3T3 amplification in
detecting replication-competent retrovirus in
primates has been previously reported (see Appendix
5 and 6) . In brief, 3T3 cells are maintained in
Dulbecco's Modified Eagle's Medium with 10% fetal
calf serum and 2 mM L-glutamine and grown at 37 °C,
in 5% C02 . 3T3 cells are plated at 2xl0 5 cells in 60
mm dishes twenty four hours prior to sample
exposure. Bone marrow cells are tested for virus by
cocultivating with the plated 3T3 cells overnight
in a volume of 2 ml with polybrene (8 ug/ml) . After
incubation the bone marrow cells are removed and 4

ml of fresh medium is added. 3T3 cells are split
1:10 when confluent and carried for at least 1
weeks. When plates are confluent, fresh medium is
added to the well and collected 20 hours later for
analysis in the S+/L- assay (see Appendix 5)

.

Western Blot Analysis Evidence of infection with
replication-competent murine amphotropic retrovirus
will be performed using p30 antigen purified from
amphotropic viral supernatant as previously
described (see Appendix 5 and 6) . The antigen
preparation is separated by 12% SDS-PAGE,
transferred to nitrocellulose (70 min, 250 mAm, 60
V in 0.25 M Tris, 0.22 M glycine, 0.0015% SDS, 10%
methanol) . After transfer the filter is incubated
for 1 hour with BLOTTO. To determine if antibodies
to the viral p3 0 antigen is present, the
nitrocellulose membrane is incubated with human
serum diluted 1:5 in BLOTTO and subsequently
incubated with anti-human IgG conjugated with
peroxidase (Vectastain)

.

Methvlcellulose Assay Untreated and LNL-6 treated
bone marrow and/or leukemic cells will be cultured
in methylcellulose as previously described
(Appendix 7) except for the addition of GM-CSF (100
units/ml)

, IL-3 (100 units/ml) , human
erythropoietin (1 unit/ml) substituting for
lymphocyte conditioned media. Leukemic cell density
will vary between 104 to 10 5 cell/ml (to allow for
variability in plating efficiency) and the
susceptibility to G418 will be assayed at two
concentrations (800 ug/ml and 1,200 ug/ml).
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6 . 4 Study Parameters - Registered Patients who do not
Receive the RMGT

Some patients may be registered for the study and
undergo autologous bone marrow transplant but will
not have the retroviral gene transfer, either due
to withdrawal of consent or because of a laboratory
problem in processing the marked marrow. We will
collect the data described in 6.212 and 6.213 above
and will obtain PCR for the neoR gene on day 21 to
document that no vector was infused. Such patients
will be followed for survival and relapse until
death.

6 . 5 Interim Evaluation

A critical question being addressed in this
protocol is whether marrow purging is needed in
autologous transplantation. The study will be
evalutated after 4 relapsed patients within each
disease catagory have been evaluated to determine
if marrow purging should be added to the transplant
regimen. We assume that marrow purging should be
added if greater than 40% of the patients are shown
to contain the marker gene (i.e. require purging)

.

To detect this level of marking with a 5% error
will require 4 evaluable patients with marker
observed in each of these patients. However, if at
least one pateints does not show evidence of
marking, the additional patients will be treated
unpurged.

7.0 DRUG FORMULATION AND PROCUREMENT

7.1) Supplier

The agent will be supplied by Genetic Therapy Inc.
We will be applying for an IND. The agent will be
shipped by Federal Express after the individual
patient is entered onto the study.

7.2) Storage

The agent will be stored in a -70° freezer in the
Bone Marrow Transplant Laboratories.

7.3) Preparation

A sample certificate of analysis for the LNL-6
vector is contained in Table 3. The LNL6-marked
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bone marrow cells will undergo safety testing prior
to infusion (Table 3) .

7.4) Safety Issues

A detailed and referenced discussion of safety
issues in RMGT is included in Appendix 8 . A
synopsis of that paper is presented below.

7.41) Replication competent virus

Since we are proposing to transfer
genetic material in a retroviral vector,
what potential hazards does this pose to
the patient? We believe that under the
conditions of this protocol the procedure
is essentially safe. The LNL-6 vector
has been modified so that it is no longer
carries any viral genes. The only coding
genetic material that will be transferred
to the patient's cells will be the marker
gene (neoR

) . Since LNL-6 has no
remaining viral genes, it is incapable of
producing the virion proteins necessary
to package its RNA into an intact
infectious virus.

Since retroviral vectors are replication-
detective, their genome must be
"packaged" into a virion so that they may
transfer their genetic material to the
target cell. This is accomplished by use
of a "packaging cell line" which supplies
the necessary gag, pol and envelope
proteins for virion formation (Figure 2)

.

The cell to be used, PA317, contains a
modified murine leukemia virus (MLV)
genome with intact gag, pol and envelope
genes, but with deletions which make the
virus incapable of inserting its RNA
genome into a virion. Thus, the
patient's cells are never exposed to a
replication-competent virus, but only a
viral coat within which is contained the
replication-defective retroviral vector.
The LNL-6/PA3 17 combination has been
tested extensively for replicating
retrovirus, which could theoretically
develop by recombination between vector
and viral sequences in the packaging cell
lines. To date, the multiple
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modifications in the vector and the
packaging cell lines aimed at preventing
recombination appear successful since
replication virus has been detected only
rarely after long periods of incubation.
Therefore, each batch of supernate
intended for clinical use is extensively
screened for replication-competent virus.

While extensive testing is done to insure
that no replication-competent virus
contaminates the vector preparation, data
are now available in primates suggesting
that MLV replicates poorly in primates in
vivo and cells producing MLV are cleared
efficiently by the primate immune system.
These conclusions are based on a study in
which five rhesus monkeys were injected
with a large inoculum of retrovirus
(reprint provided in Appendix 5) . Four
animals were injected intravenously and
no replicating virus could be detected in
the blood, peripheral blood lymphocytes
or lymph node lymphocytes at any time
after the initial clearance of virus
(clearance time 12 min or less)

, although
viral integration had occurred in
lymphocytes in a small percentage of
cells (Southern blot negative, but PCR
positive) . Only when an immunosuppressed
monkey was transplanted with virus
producing-autologous fibroblasts, along
with intraperitoneal injection of virus,
could virus replication be detected in
vivo. In this animal virus production was
detected for 22 days post-exposure. After
22 days, virus production was no longer
detected despite the persistence of viral
sequences. The disappearance of viral
replication was coincident with the
discontinuation of immunosuppression and
development of anti-viral antibodies. To
date no clinical illness or sequelae has
developed in these animals.

Additional information exists in four
animals exposed to high titer
replication-competent retrovirus along
with retroviral vector at the time of
severe immunosuppression, and autologous
bone marrow transplant (reprint provided
in Appendix 6) . The transplanted monkeys
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7.42)

were exposed to virus and vector at
approximately equal titer and three of
the four showed transient vector
expression post transplant. Tests for
replicating virus in serum, peripheral
blood mononuclear cells, and bone marrow
cells, performed two and three years post
transplant have been negative. PCR
performed on peripheral blood and bone
marrow cells for the viral envelope
region (sensitivity of detection 1 in
100,000 cells) were negative in all four
animals. To date no animal has shown any
clinical illness as a result of virus
exposure.

Insertional mutagenesis

The Moloney murine leukemia virus
(MoMLV) , the parent retrovirus of LNL-6

,

can cause neoplasia in mice. Is this a
threat to patients given marked cells?
The only human data available are in
patients receiving TIL marked with LNL-6
and the data is too early to draw
significant conclusions. It can be said
that there has been no apparent toxicity
or pathology after approximately 60
patient-months. Evaluating available
animal data, the chance of primate
malignancy after RMGT appears to be
small. Our experience in 21 monkeys
undergoing a RMGT/autologous bone marrow
transplantation protocol has shown no
evidence of neoplasia (mean follow-up of
2.5 to 4.5 years). There is also no
published examples of transformation of
primate cells by a murine retrovirus
either in vitro or in vivo . Also
evaluation in TIL populations exposed to
the LNL-6 vector demonstrate persistence
of IL-2 dependence in all patients
tested.

The factors leading to neoplasia in mice
are discussed in detail in Appendix 8.
In brief, the development of leukemia
after exposure in mice is a complex
procedure that is likely not directly
relevant to humans. First, the T-cell
lymphoma associated with MoMLV is not due
directly to MoMLV but is caused by a
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7 . 43 )

recombinant virus called a mink focus
forming virus which results from
recombination between MoMLV and
endogenous murine leukemia virus
sequences. These murine endogenous viral
sequences are not present in humans. Also
adult mice are not known to develop
lymphomas after MoMLV, only newborn mice
are susceptible, suggesting some step in
T-cell development might be important in
cellular transformation. Lastly, the
tropism (ie specificity of MoMLV for the
T-cell) and the strain dependence of
MoMLV may not be shared with any human
cell

.

Nevertheless, it is theoretically
possible for a retrovirus to insert into
a proto-oncogene or tumor suppressor gene
leading to cellular transformation. The
complex virus-oncogene tropism in the
murine system, the presence of two copies
of each tumor suppressor gene in most
cells, and the multi-step process of
malignant transformation suggest that the
likelihood of RMGT leading to malignancy
in primates will be low.

Recombination with human endogenous
retroviral sequences

A theoretical concern is recombination of
the retroviral vector with human
endogenous retroviral sequences leading
to the production of a replication-
competent human retrovirus. The
probability of this occurring appears
small. No replication-competent human
endogenous retrovirus has ever been
isolated and all known sequences have
deletions and frame-shift mutations in
the viral genes. The sequences defective
in human endogenous retroviruses (namely
gag, pol, and env) , are the sequences
deleted from the LNL-6 vector, so LNL-6
is unable to provide the needed sequences
to restore function to human endogenous
retroviral sequences. Also, there is no
homology known between the LNL-6 vector
and the human retroviral sequences, so
that homologous recombination is not
expected. In addition, variation in the
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structure of these human and murine viral
sequences, such as tRNA binding sites,
make the likelihood of successful
recombination extremely small.

Recombination between MLV and human
endogenous retroviral sequences has not
been reported in primate cells in vivo .

This question was specifically addressed
in the LNL-6 TIL human gene transfer
clinical trial. After retroviral
insertion, reverse transcriptase (RT)
assays have never detected RT activity.

7.44) Introduction of the neoR gene

The neoR gene product, neomycin
phosphotransferase, phosphorylates the
3' -hydroxyl group of the aminohexose I of
neomycin and its analogues, thereby
inactivating the antibiotic. While
amikacin may be inactivated by this
enzyme, gentamicin and tobramycin do not
contain a hydroxyl at the 3

'
position and

are not inactivated. Therefore,
introduction of the neoR gene would not
exclude the use of aminoglycosides or any
other conventional antibiotic that may be
needed in the clinical management of
these patients.

8.0 STATISTICS

8.1) Theoretical Considerations

Since all the patients in our study are destined to
relapse if they are not transplanted, we know that some
residual leukemic cells are harbored in their marrow. At
present we do not know if leukemic cells in the
transplanted marrow contribute to relapse. The likelihood
of success in our gene marking study will be based on the
percentage of transduced leukemic cells transplanted and
the number of those cells that lead to relapse.

Based on the best available data regarding tumor
reduction with chemotherapy, the estimate of transplanted
leukemic cells is at least 100 (based on two 4-fold
reduction in tumor burden after induction and
consolidation chemotherapy with an estimated 10 11

leukemia cells at relapse and harvesting approximately
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10% of the marrow) . The recent literature concerning
residual leukemia suggest that the transplanted leukemia
burden is actually much greater (NEJM 323:448, 1990;
Blood 74:1762, 1989). Therefore, we have calculated the
likelihood of detecting marked cells over a range of 1 to
10,000 leukemic cells contributing to relapse to estimate
our likelihood of success.

Using our minimal estimates of cells in the transplanted
marrow at 100 cells, and marking 1% of the total
transplanted leukemic cells, the probability of detecting
marked cell is 63.4% in a single patient. If larger
number of cells are contributing, for example 1000, the
likelihood of detecting marked cells will be >99% in the
first patient.

Columns = # of transplanted leukemic cell contributing to
relapse

Rows = Percentage of cell contributing to relapse which
contain the LNL6 vector

Data = Probability of detecting marked cells in a single
patient

1 10 100 300 1000 3000 10000 30000

.1% 0.1 1.0 9.5 25.9 63 .

2

95.0 >99.99 >99.99

. 3% 0.3 3 .

0

26.0 59.4 95.0 99.99 >99.99 >99.99

1% 1.0 9.6 63.4 95.1 >99.99 >99.99 >99.99 >99.99

3% 3.0 26.3 95.3 99.99 >99.99 >99.99 >99.99 >99.99

The likelihood of detection increases as the number of
patients studied increases. The estimates given below
indicate a 95% probability of detecting marked leukemic
cells in one of the first three patients if cell marking
is at the expected 1% transduction level and only 100
cells contribute to relapse. Even if the transduction
efficiency was ten times lower than estimated by pre-
clinical data, the likelihood of success is still 95% if
ten patients are studied.
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Columns = Number of patients studied

Rows = Percentage of cell contributing to relapse which
contain the LNL6 vector

Data = Probability of detecting marked cells in at least
one patient

1 PT 3 PT 10 PT

0.1% 9.5% 25.9% 95%

1.0% 63.4% 95.0% >99.99%

If 1000 cells contribute to relapse the number of
patients required to detect marked cells increases
significantly with a 95% probability of detection in at
least one of three patients even if the transduction
efficiency was very low (0.1% of the population).

Columns = Number of patients studied

Rows = Percentage of cell contributing to relapse which
contain the LNL6 vector

Data = Probability of detecting marked cells in at least
one patient

1 PT 3 PT 10 PT

0.1% 63.2% 95.0% >99.99%

1.0% >99.99% >99.99% >99.99%

8.2) Data Collection

This will be a feasibility study to determine if
retroviral-mediated gene transfer for autologous bone
marrow transplantation can be detected in patients with
recurrent leukemia following bone marrow transplantation
and to document the safety of the procedure. We will be
accruing 10 patients each with AML and ALL. With an 70-
80% recurrence rate, we expect that 7-8 patients from
each group can be evaluated for source of recurrence.
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The following statistical data will be obtained:

A) time to reconstitution

neutrophils >500
platelets >50,000 (untransfused)

B) survival

C) disease-free survival

D) disease recurrence

rate
length of remission

E) adverse reactions

secondary malignancy
replication-competent murine retrovirus
unexpected

The patient population selected is expected to have a
high rate of disease recurrence with disease-free
survival estimated at less than 20%. Toxicities
secondary to transplant is expected in 100% of patients
but the treatment-related mortality is estimated to be
approximately 10%. Only side effects from the RMGT will
be evaluated and reported as adverse reactions for this
study

.

For evaluation of relapsed patients meaningful data will
only be obtained in patients who show evidence of the
neo* gene in blast cells. If blast cells do not show
evidence of the marker gene, it is unlikely that
significant data can be generated because the number of
leukemic cells in the transfused marrow, the infection of
the cell(s) which lead to disease recurrence, the extent
of residual leukemia in the patient after the bone marrow
transplant preparative regimen and the effectiveness of
the host immune system on eradicating residual leukemia
are unknown.

9.0 PATHOLOGY REVIEW:

Pathology material required for enrollment include the
original bone marrow specimen at the time of diagnosis or
relapse, a complete remission marrow within three weeks
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of marrow harvest and a staging marrow within three weeks
prior to autologous transplantation. Pre-transplant
specimens, and all subsequent specimens, will be reviewed
by a Indiana University pathologist.

10.0 RECORDS TO BE KEPT;

The following forms will be maintained, sample forms can be
found in Table 4. Data will be collected and reviewed by the
principal investigator, Dr. Ken Cornetta.

ECOG Leukemia On-Study (revised 1983) - within one month
of entry

IU Pathology and Cytogenetics Reports - Within one month
of entry and within one month of each bone marrow
aspiration or biopsy

Bone Marrow Transplant Flow Sheets - Every three months
for year one and then yearly until death

Laboratory data will be reported on the LNL6/BMT Data
Summary Form

Interim Report Form - Every three months for year one and
then yearly until death

Summary and Evaluation - Within one month of the 100 day
evaluation, at relapse or off study for other reason

11.0 INFORMED CONSENT;

The informed consent form for this protocol is supplied
in Table 5.

Patients entering this study will be patients who have
agreed to undergo autologous bone marrow transplantation
as treatment for their acute leukemia. The bone marrow
transplant procedure and risks have been explained to the
patient and have been agreed upon prior to being offered
this protocol (either by consenting to protocol therapy
or by consenting to standard bone marrow
transplantation) . Therefore, the risks and procedures
involved with bone marrow transplantation will not be
included in the consent form for this study.
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IUPUI INFORMED CONSENT STATEMENT

for

PROJECT Retroviral -Mediated Gene Transfer of Bone Marrow Celia During
TITLE; Autologous Bone Marrow Transplantation for Acute

1. I have been informed by my physician that I have acute leukemia. My
physician and I have decided that autologous bone marrow transplantation

is the treatment with the most potential for benefit at this stage in my
disease. Autologous bone marrow transplantation and its risks have been
explained to me, I have been asked to take part in a research study of
"retroviral-mediated gene transfer" of bone marrow cells used during
autologous bone marrow transplantation.

Although treatment of leukemia by autologous bone marrow transplantation
appears to be curative in some patients, I understand that the leukemia
returns in others. Currently it is not known whether leukemia recurs due

to leukemic cells present in the transplanted marrow or due to the
inadequacy of chemotherapy treatments prior to transplantation in killing
all the leukemia cells in the body. Development of a new technology has
made it possible to mark the bone marrow cells given during transplantation
so that they can be identified later in patients whose leukemia returns
after transplantation.

The new technology is called "retroviral-mediated gene transfer." It will
insert a gene into some of my bone marrow cells at the time of
transplantation. If my leukemia returns after transplantation, and
contains the inserted gene, we would know that the contributing reason for
failure of the transplant was leukemia in the marrow harvested and infused
during the transplant. If the gene is not present, the reason for the
failure could be leukemia cells that were not killed off by the
chemotherapy prior to the transplantation procedure. Once the reasons why
some patients relapse after bone marrow transplantation are better
understood, better ways of performing transplantations could be tested.

I understand that the introduction of this gene will not benefit mo in any
way. It is possible that this study may lead to improved bone marrow
transplantation therapies for others in the future. It may also be

possible, however, that no new information will be obtained. The purpose
of the study is to assess the safety of this procedure and to determine
if "retroviral-mediated gene transfer" will enable the physicians to

determine the source of leukemia recurrence.

2. If I decide to participate in this study, a special laboratory technique
will be used to Insert a gene into a portion of my bone marrow cells after

being harvested. These treated bone marrow cells are referred to as

"marked" bone marrow cells. A gene is part of a chromosome (the part of
the cell that is inherited from someone's parents) that contains the

information a cells needs to make proteins. By inserting a gene into my
bone marrow cells, the investigator will be able to distinguish the marked
bone marrow cells from all other cells in my body.

Patient's Initials
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IUPUI INFORMED CONSENT STATEMENT

for

PROJECT Retroviral-Mediated Gene Transfer of Bone Marrow Cells During
TITLE; Autologous Bone Marr.ow_Tx4nsplantatior> for Acute Leukemia

Page 2

The following procedure will be used to insert the gene into my bone marrow
cells. My bone marrow cells will be obtained by a bone marrow harvest in
the operating room using the regular procedure for harvest. The
investigator will not need to obtain any more bone marrow than is normally
taken during bone marrow harvest. Therefore, there will be no additional
needle aspirations or additional anesthesia time. The major portion of
the harvested marrow will be handled in the usual fashion and will not be
treated by retroviral-mediated gene transfer. A small portion of marrow
(no more than 30%) will undergo retroviral-mediated gene transfer. The
gene to be transferred is attached to a virus that is able to enter bone
marrow cells and therefore takes the gene with it, The "marked" cells will
be stored after harvest along with my untreated bone marrow cells and both
will be given back to me at the time of bone marrow transplantation.

I will have the standard blood drawings and tests that are required
following bone marrow transplantation. These have all been explained to

me. My bone marrow and blood cells will be studied in the laboratory at
the following intervals; prior to bone marrow harvest, prior to

transplantation, 21 days following transplantation, when my blood counts
show that the transplant is engrafting, at 100 days following transplant
and then once a year. A blood sample and bone marrow will be studied
should my disease recur. Thereafter, a small amount of blood will be
obtained for study in the laboratory every six months. Bone marrow
biopsies and blood drawing are normally scheduled at these intervals, so
there will be no additional bone marrow biopsies performed (nor will bone
marrow biopsies be different in any way from what normally would be
performed) and no additional needle sticks will be necessary for blood
drawing because of this research study. This is merely to inform me that
a portion of my bone marrow and blood will be analyzed for research
purposes

.

3. I will not benefit personally by participating in this research study.
However, future patients may benefit from the knowledge gained.

4. No side effects have been seen in animal studies or in the very limited
human research on gene transfer. However, since this is a very new
procedure, the risks may not be known. There are some theoretical
(possible) risks to this procedure. First, even though the virus used to

insert the gene into my bone marrow cells cannot grow and is considered
harmless, it is possible that events could occur within the cells that

allow the virus to grow or cause the cell to become cancerous. It is also

Patient's Initials
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IUPUI INFORMED CONSENT STATEMENT

for

PROJECT Retroviral-Mediated Gene Transfer o£ Bone Marrow Cells During
TITLE

;

Autoloftoug Bone Marrow Transplantation for Acute Leukemia

Page 3

theoretically possible that I could become infected with the virus, Since
this has never happened, the consequences of such an infection are unknown.
Also, the inserted gene produces a protein that inactivates the antibiotics
neomycin and amikacin, These antibiotics are rarely used in bone marrow
transplant patients. The antibiotics routinely used during bone marrow
transplantation are not inactivated, and these will be used in treating
any bacterial infections that might occur.

5. I understand that I can proceed with the bone marrow transplantation
without consenting to this extra research. I have been told that I have
no obligation to participate and my care will not be affected in any way
if I choose not to be a subject in this research study. I have been
encouraged to ask questions that I may have and take as much time as I need
to make my decision.

6. Participation in this study is entirely voluntary. I may choose to
participate or may withdraw at any time up to the time of infusion of the
bone marrow, I understand that enough bone marrow has been harvested to
be able to proceed with the transplantation even without the cells that
are treated. If I withdraw my consent, the treated cells will simply not
be infused. In the event that I do withdraw my consent after harvest, but
do go ahead with transplantation, the course of my disease will be followed
on a regular basis, either by chart review or by phone call to myself or
my doctor. I will be asked to voluntarily contribute one bone marrow and
blood sample 21 days after the bone marrow transplant. Whatever my
decision, my doctors are committed to give me the best care they can,

7. I have an illness which will be treated with the drugs and procedure
described above. I am responsible for the cost of medical care which is

related to the use of these drugs and procedures. NO compensation is

availabe if I am injured in this research. If emergency medical treatment
is required as a result of treatment with these drugs or procedure, I will
be responsible for the cost of such treatment. In the event of such an
injury or for more information, I should contact the investigator in
charge, Dr. Ken Cornetta at (317)274-3589. A patient representative who
is not associated with this research to whom I may address complaints about
this study as well as questions about my rights as a research participant
may be reached at (317)274-2126.

8. The costs of hospitalization, treatment and laboratory procedures related
to the bone marrow transplantation are my responsibility. Only the blood
samples being analyzed for research purposes will be done at no cost. All

Patient's Initials
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IUPUI INFORMED CONSENT STATEMENT

for

PROJECT Retroviral -Mediated Gene Transfer of Bone Marrow Cells During
TITLE; Autologous Bone Marrow Transplantation for Acute Leukemia

Page 4

other costs are considered standard charges Included in the bone marrow
transplant procedure. Unfortunately, some insurance companies may refuse
payment for all medical costs Incurred while a patient is involved witha
research study. This will need to be discussed this with my insurance
company, to assure payment for the bone marrow transplant. I realize that
there could be some unforeseen costs that arise as a result of this
research and they may not be covered by my insurance. In this event I will
be responsible for those costs.

9. Any information collected in this study will bo kept in strictest
confidence. I understand that the results of this study will be published
in a medical Journal but my name will not be published. The Food and Drug
Administration, National Institutes of Health, or Genetic Therapy Inc. may
review my records at any time if there is sufficient need for such action.

A record of my progress will be sent to Dr, Ken Cornetta, the researcher
in charge. He may also review my medical records. Histopathological
materials used to establish my diagnosis may be sent to a central pathology
office for review.

10. I know that my doctors will be interested in my welfare even after I have
completed the research study. Therefore, I will periodically be contacted
to check on my health status.

11. I understand that my doctor will tell me about any early results of this

study which could influence my wish to continue to take part in the study.

I know that I may call Dr, Cornetta at (317)274-3589 during the day with
any questions or concerns I might have regarding my disease and treatment.

After 5:00 p.m., I may call the bone marrow transplant physician on call

at (317)274-0436

.

12. I have read all of the above, asked questions, received answers concerning
areas I did not understand and give my consent to participate in the study

described above. My signature Indicates that I have received a copy of

the consent form.

Patient Date

Principal Investigator Witness
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Nontechnical Abstract

Acute leukemia is most successfully treated by bone marrow
transplantation. For some patients who do not have a suitable
donor, autologous bone marrow transplantation (AuBMT) may offer the
only hope of cure. In AuBMT the patients own bone marrow is used
for transplantation. While some patients appear to be cured by this
procedure, leukemia recurs in many patients. Leukemia relapse may
result from undetected leukemic cells in the transplanted marrow,
insufficient transplant conditioning (i.e. leukemic cells in the
patients body are not killed by the chemotherapy drugs or radiation
used during the transplant)

,
or both. Identifying the factors

leading to disease recurrence after AuBMT will help direct future
treatment strategies.

The purpose of this protocol is to determine if leukemia cells
in the transplanted marrow are responsible, at least in part, for
disease recurrence in relapsed patients. Patients with acute
leukemia who are to undergo AuBMT may participate. A portion of
their marrow will be exposed to a retroviral vector, called LNL6

,

which contains the neomycin resistance gene. Since mammalian cells
do not contain the neomycin resistance gene it serves as a unique
marker gene. After the marrow is exposed to the LNL6 vector, marked
and untreated marrow will be stored until the time of transplant,
then infused using standard transplantation procedures. If patients
relapse after transplantation, and their leukemia cells have the
marker gene we will know that leukemia cells were contained in the
transplanted marrow and contributed to disease recurrence.
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Scientific Abstract

Autologous bone marrow transplantation (AuBMT ) is becoming an
increasingly common procedure for patients with acute leukemia. The
main cause of treatment failure in AuBMT is disease relapse but the
source of leukemic cells responsible for relapse is unknown.
Relapse may result from leukemic cells in the transplanted marrow,
insufficient conditioning (i.e. leukemic cells survive the BMT
ablative regimen) , or both. Identifying the factors leading to
disease recurrence after AuBMT will help direct future treatment
strategies

.

The purpose of this protocol is to determine if leukemic cells
in the transplanted marrow are responsible, at least in part, for
disease recurrence in relapsed patients. Patients will acute
leukemic who are to undergo AuBMT may participate. A portion of
their remission marrow (10%-30%) , obtained at the time of harvest,
will be exposed to the LNL6 retroviral vector. The LNL6 vector is
packaged in the PA317 packaging cell line and will be supplied from
the same source as the LNL6 vector used in the TIL-N2 human gene
transfer protocol. Marked and untreated marrow will be stored until
the time of transplant, then infused using standard transplantation
procedures. Patients will be periodically monitored for evidence of
the LNL6 vector in peripheral blood and bone marrow cells. If
patients relapse, leukemic cells will be studied to determine if
they contain the LNL6 vector. Further studies will be performed in
an attempt to determine the percentage of leukemic cells with the
LNL6 vector and the clonality of the marked cells.

In addition to evaluating the transfer of LNL6 to bone marrow
and leukemic cells, patients will also be studied for evidence of
treatment toxicity, such as inadvertent exposure to replication-
competent murine retrovirus.
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1 . TITLE

The Treatment of Patients with Metastatic Melanoma and Renal Cell Carcinoma Using

In Vitro Expanded and Genetically-Engineered (Neomycin Phosphotransferase) Bulk,

CD8(+) and/or CD4(+) Tumor Infiltrating Lymphocytes and Bulk,CD8(+) and/or

CD4( + ) Peripheral Blood Leukocytes in Combination With Recombinant Interleukin-2

Alone, or with Recombinant Interleukin-2 and Recombinant Alpha Interferon.

2. PROTOCOL SUMMARY

Two groups of 20 patients each will be treated on this protocol. The first group will

consist of patients with metastatic melanoma. The second group of patients will have

metastatic renal cell carcinoma. Patients will be treated with various combinations of 6

different cell effector populations: IL-2 expanded bulk tumor-infiltrating lymphocytes

(TIL) and peripheral blood leukocytes (PBL), IL-2-expanded CD8(+)-enriched TIL and

PBL, and IL-2 expanded CD4(+)-enriched TIL and PBL. Each group of 20 melanoma

and 20 renal cell patients will be subdivided into 4 subgroups of 5 patients each of whom
will receive combinations of 2 cellular effectors in the following manner:

Subgroup A - bulk TIL + bulk PBL
B - CD8(+ )TIL + CD8(+) PBL
C - CD4(+)TIL + CD4( + ) PBL
D - CD8(+)TIL + CD4(+)TIL

The novel feature of this protocol is that the two cell populations will each be transduced

with a different retroviral vector containing the neomyciin phosphotransferase (neoR)

gene. These replication-defective retroviral vectors - LNL6 and GIN- differ by primer

sequences that permit them to be distinguished by polymerase chain reaction (PCR). The

ability to "genetically mark" 2 different cell populations will permit us to address

important questions of TIL trafficking, tumor localization and in vivo lifespan.

Melanoma patients will be supported by a continuous infusion of recombinant IL-2 (IL-2;

over a 4-day period for 4 consecutive weeks. This 4-week cycle may be repeated up to

4 times with intervening 2-week rest periods. Renal cell patients will be treated in an

identical fashion with the addition of an intramuscular or subcutaneous injection of

interferon alpha on days 1 and 4 of each IL-2 treatment week.

Follow-up evaluation will be performed at weeks 6, 12, 18, and 24. Post-treatment

evaluations will be completed monthly thereafter. At periodic intervals, patients will

have samples of blood, tumor, normal skin and normal muscle evaluated by

semiquantitative PCR for the presence of LNL6 and GIN sequences.

[
516
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3. OBJECTIVES

3.1 To evaluate the sensitivity, specificity, and accuracy of capturing CD8(+) and

CD4(+) TIL and PBL.

3.2 To evaluate the safety and efficacy of the in vitro expansion of bulk, CD8( + ) and

CD4(+) TIL and PBL in the presence of rIL-2 for infusion into the patient of

origin.

3.3 To evaluate the safety and efficacy of genetically "marking" bulk, CD8(+) and

CD4(+) TIL and PBL using replication-defective retroviral vectors.

3.4 To evaluate the toxicity and possible efficacy of genetically-engineered bulk,

CD8(+), CD4( + ) TIL and PBL in combination with a continuous infusion of

rIL-2 (melanoma).

3.5 To evaluate the toxicity and possible efficacy of genetically-engineered bulk

CD8(+) CD4(+) TIL and PBL in combination with IFNorA and a continuous

infusion of rIL-2 (renal cell).

3.6 To document and compare possible antitumor activity for melanoma and renal cell

carcinoma observed following treatment.

3.7 To examine the immunological and biological mechanisms associated with the

tumor response and/or non-response to the treatment.

3.8 To examine trafficking patterns and life span of administered bulk, CD8(+),
CD4( + ) TIL and PBL.

4. BACKGROUND

The objective of the biological therapy of cancer is to obtain an immune response specific

to autologous tumor. In a variety of murine models, therapy with recombinant

interleukin-2 (rIL-2) has been observed to effect significant tumor regression
1

. Potential

mechanisms involved in this anti-tumor effect are: 1) the activation of lymphokine

activated killer (LAK) cells
2

, 2) stimulation and activation of cytotoxic T-lymphocytes

against the tumor, and 3) secondary induction of other cytokines including tumor

necrosis factor alpha (TNF) or gamma interferon.
0

In recent clinical trials
3
cancer patients treated with LAK cells and high doses of rIL-2

have experienced complete or partial responses reported in the range of 20 percent in

melanoma, 30 percent in renal carcinoma 10 percent in colorectal carcinoma. In clinical
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trials with very small patient populations, individual responses have been seen

in other malignancies including Hodgkins and non-Hodgkins lymphomas and lung cancer.

The advantage of LAK cells is the ease of preparation from peripheral blood mononuclear

cells (PMBC) and the subsequent culture in media with comparatively high doses of rlL-

2. However, in trafficking studies
4
using cells labelled with Indium 111

,
these cells have

not demonstrated a targeting to the tumor suggesting that LAK cells promote tumor

reduction by a systemic and anti-tumor effect.

Cells that infiltrate tumors can be a potential source of cytotoxic anti-tumor effector

lymphocytes. Belldegrun et al
5 demonstrated that the predominant Tumor-Infiltrating

Lymphocyte (TIL) population in renal cell carcinoma is composed of CD8-(+)/CD3(+)
cytotoxic T-cells and other CD8(+)/T-cells. Renal cell TIL can expand significantly with

comparatively small doses of rIL-2. No significant differences in phenotype were

identified between tumor derived CD8(+) T cells and peripheral blood CD8(+) T-cells.

Barth et al
6

,
recently reported that TIL from four antigenically distinct tumors cultured

with low doses of rIL-2 were found to retain their specificity for over three months in

culture. TIL with m vitro specificity were therapeutically effective in eliminating

established micrometastases in murine models. Also, using the combination of

cyclophosphamide, TIL and rIL-2, all of the mice bearing transplantable murine

adenocarcinoma were cured of advanced hepatic pulmonary metastases and 50 percent

were cured of advanced pulmonary metastases without notable toxicity.

An initial study
7
utilizing rIL-2 and TIL demonstrated a partial response with renal cell

carcinoma in four study subjects treated and one partial response of six study subjects

treated for melanoma. Major clinical responses have been noted when using rIL-2 and

expanded TIL in the treatment of melanoma in an on-going trial at the NCI8
.

Maleckar et al
9

,
reported ongoing human studies where 28 study subjects have received

TIL, derived from a variety of tumors, in doses ranging from 0.1 x 10
11

to 2.9 x 10
11

without systemic rIL-2. Preliminary data appear to indicate that the TIL recognized the

autologous tumor and specific lytic activity was observed, which appears to correlate to

the TIL.

Continuous infusion of rIL-2 in a dose of 1-3 x 10
6 U/m2

per 24 hours was administered

with TIL to 28 study subjects with advanced renal cell carcinomna, malignant melanoma
and non-small-cell lung cancer. The results showed an objective response of 29 percent

in the renal cell cancer and 23 percent in melanoma4
.

Rosenberg et al
8

,
reported a Phase 1 study which showed that percent (9/15) of the study

subjects with metastatic melanoma, treated with rIL-2 and TIL, had objective regression
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of tumor lasting from 2 to more than 13 months. The rIL-2 was administered at 1 x 105

U/kg intravenously every eight hours until dose limiting toxicity occurred. All adverse

events were attributable to rIL-2.

In the current study by Morecki, S. and Rosenberg, S.A. et al
10

,
purified CD4( + ) and

CD8(+) cells were isolated from fresh human PBMC samples or bulk melanoma TIL

cultures by a direct panning selection using AIS CELLector™ CD8 and CD4 Culture

Flasks. Adherent cells were allowed to grow in the original separation CELLector™

Flasks for a short time period and were then harvested and cultured in rIL-2 containing

medium. Proliferation rate, phenotypic profiles, and cytotoxic activity of the isolated cell

subsets were assayed after long term growth. Phenotypic analysis revealed that almost

all PBMC- and TIL-derived CD4 and CD8 cell subsets maintained their characteristic

surface markers without overgrowth of irrelevant cells. Ninety-three (93) to ninety-nine

(99) percent of the cells recovered from the flasks consisted of the target population

(either CD4 or CD8). The viability was always above 90 percent. The purified CD4(+)
and CD8(+) cell subsets were further studied after long term growth to determine the

usefulness of this separation and growth procedure for basic research and for clinical use.

The isolated subsets maintained their ability to proliferate, kept their phenotypic profiles

and remained functionally intact after long term culture (>40 days in several samples).

In summary, the techniques described by Morecki, et al can be used to study the

therapeutic effects of subpopulations of T lymphocytes.

Letessier et al" conducted a study to evaluate antitumor functions of T lymphocyte

subpopulations in blood (PBL) and tumor draining lymph nodes (LN) of patients with

squamous cell carcinoma of the head and neck. AIS CELLecator™ CD8 Cell Culture

Flasks were utilized to selectively capture CD8(+) cells for subsequent culturing. The

investigators were able to capture a majority of CD8(+) cells from LN which represented

less than 10 percent of the total lymph node cells. These cells successfully expanded in

culture with relatively minor contamination from CD4( + ) lymphocytes. The mean
enrichment in CD8( +) lymphocytes was considerable (80 percent +. 23) in these cultures.

The selected and expanded CD8( + ) lymphocytes from LN showed a more selective

pattern of cytotoxicity, with little, or no cytotoxicity against K562 or Daudi targets.

This method for selection, expansion, and infusion of CD8(+) and CD4( + ) TIL is

similar to that used in a current clinical trial evaluating the effect of blood derived and

expanded autologous CD8(+) cells against the Human Immunodeficiency Virus or

Acquired Immune Deficiency Syndrome (AIDS) patients or AIDS-Related Complex
(ARC) patients. Following leukapheresis, CD8( + ) cells are captured using the Applied

Immune Sciences, Inc. (AIS) CELLector™ CD8 Cell Culture Flasks. The CD8(+) cells

are expanded in vitro and then infused into the subject of origin in five escalating doses.

Continuous intravenous rIL-2 is administered during the final CD8(+) cell infusion and

is continued for five consecutive days. This study is on-going, and so far the CD8( + )

autologous cell infusions (selected and expanded) have occurred without adverse effects.
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The majority of the anticipated adverse reactions in patients enrolled in studies involving

autologous cell expansion and infusion are most often related to the rIL-2 therapy. The

literature clearly describes adverse events associated with higher ( > 106 BRMP units) dose

rIL-2 therapy which resolve upon cessation of the rIL-2. There is a risk that the therapy

will have no effect on the tumor size and the study subject will gain no benefit from the

therapy. Conversely, elimination or significant reduction in the size of the tumor may
result in a longer survival and even potential cure.

5. CONDUCT OF STUDY

5.1 Overall design

This is an open, sequential phase I safety study of the concomitant administration of

"genetically marked" TILs, TIL subsets and PBL and PBL subsets with IL-2 alone or in

combination with IFNaA in patients with metastatic melanoma and renal cell carcinoma.

The treatment components are outlined below.

MELANOMA

SUBGROUP
A

ms
5

CELLS
bulk TIL

bulk PBL

VECTOR
LNL6
GIN

BIOLOGICAL
IL-2

B 5 CD8( + )TIL

CD8( + )PBL
LNL6
GIN

IL-2

C 5 CD4( + )TIL

CD4( + )PBL
LNL6
GIN

IL-2

D 5 CD8( + )TIL

CD4( + )TIL

LNL6
GIN

IL-2
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RENAL

SUBGROUP #PTS CELLS VECTOR BIOLOGICAL

A 5 bulk TIL

bulk PBL
LNL6
GIN

IL-2 + IFNaA

B 5 CD8( + )TIL

CD8( + )PBL
LNL6
GIN

IL-2 + IFNaA

C 5 CD4(+ )TIL

CD4( + )PBL
LNL6
GIN

IL-2 + IFNoA

D 5 CD8( + )TIL

CD4( + )TIL

LNL6
GIN

IL-2 + IFNaA

The preparation of bulk TIL, CD8( + ) TIL, CD4( + )TIL, bulk PBL, CD8(+) PBL and CD4( + )

PBL, and the protocol for IL-2 expansion are described in Appendix II. Briefly, metastatic

tumor deposits are dissociated into a single cell suspension by mechanical and enzymatic means.

Bulk TIL are generated by placing Ficoll-Hypaque enriched leukocytes into AIM V medium
supplemented with IL-2 (1000 u/ml) . CD8(+ )TIL and CD4( + )TIL are prepared by enrichment

in Applied Immune Sciences (AIS) CELLector™ CD8 or CD4 Cell Culture Flasks and placement

into AIM V + IL-2. Our ability to generate highly enriched CD8(+) and CD4(+) TIL is

shown in Appendix II. PBL are prepared from 40 cc heparinized patient blood using

centrifugation and expansion in AIM V + IL-2. PBL are selected in a similar fashion. After

satisfactory growth has been confirmed, these cell populations will be transduced with the

respective retroviral vectors LNL6 or GIN and then transferred to culture bags for large scale

expansion for another 4-6 weeks.

After achieving sufficient numbers of cells for treatment (10
9 - 10

n
), they will be sequentially

infused into the patient and supported by IL-2 or IL-2/IFNoA.

The LNL6 retroviral vector carries the neoR gene and is approved by the Food and Drug

Administration for clinical use. The GIN vector is derived from LNL6 and differs only in the

addition of polylinker sequences. FDA approval for use of this vector is pending. The

additional polylinker sequence in GIN permits this vector to be distinguished from LNL6 using

different PCR primers (see Appendix I).

At intervals after TIL infusion samples of blood, skin, muscle and tumor will be obtained and

subjected to semiquantitative PCR analysis for LNL6 and GIN sequences. This analysis will

permit an analysis of TIL, TIL subset and PBL trafficking and lifespan in vivo .
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Other immunological parameters will be measured and include:

a. cytokine mRNA expression

b. cytotoxicity against various targets

c. phenotype

Clinical parameters will be measured and include:

a. objective tumor response

b. clinical toxicity

A summary of biological response modifier administration is shown below:

Weeks: 1-4, 7-10, 13-16, 19-22. Representative Week of Therapy.

Study Day 1 2 3 4 5 6 7 Dose/Route

rIL-2 X X X X 2 x 10
6U/m2

/day

IFNaA* X X 6 x 10
6U/m2

/day

IM or SC

TIL or PBL** X 109-10" cells

IV

No Treatment During Weeks: 5-6, 11-12, 17-18

X = Drug administered

= Continuous intravenous infusion

= Intramuscular injection

= Subcutaneous injection

= Intravenous infusion

= IFNaA administered to renal cancer pts only

= Administered on day one of week one

CIV
IM
SC
IV
*

**

5.2 Number of patients

Up to forty (40) evaluable patients will be treated - 20 melanoma and 20 renal.
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5.3 Screening

The patient will be thoroughly informed of the overall aspects and procedures to ensure

his/her willingness to undergo surgery for TIL retrieval and comply with the visit and

activities schedule. As part of the complete medical evaluation to determine the

eligibility of a given subject, the potential patient will undergo extensive history and

physical examination prior to the surgery. These data are found in the Case Report

Forms and include the following:

5.3.1 The physical examination will include patient (medical) history, Kamofsky

Performance status, vital signs, neurological exam, chest X-ray, tumor

assessment, CT or MRI brain scan, EKG, cardiac evaluation, and pregnancy test

(if premenopausal female).

5.3.2 Laboratory studies will include CBC with differential, platelet counts, coagulation

profile (PT, PTT), urinalysis, serum chemistry, including glucose, BUN,
creatinine, total protein, albumin, total bilirubin, SGPT, SGOT, LDH, alkaline

phosphatase, calcium, uric acid, sodium, potassium, chloride, C02, and

phosphorus.

5.3.3 If the physician and patient both agree, the patient will sign the informed

consents. Separate informed consents will be obtained for (a) entry surgical

procedures, (b) TIL and PBL administration, and retroviral transduction, and (c)

any biopsies.

5.4 Withdrawal From Study Patients:

Patients will be advised that they may voluntarily withdraw from the study at any time

and will be instructed to notify the investigator. Patients may choose to withdraw for any

reason(s). Patients are not obligated to reveal their reason(s) for withdrawal. It is

understood that an excessive rate of withdrawals may adversely impact the analysis of

data and interpretation of results, therefore unnecessary withdrawal of study subjects is

to be avoided. Should a patient decide to withdraw every effort will be made to complete

and report an explanation provided for the study subject’s withdrawal.

Additionally, the patients may withdraw or be withdrawn from the study for the following

reasons:

5.4.1 The patients may relocate to another geographic area that requires a change of a

physician. Attempts will be made to secure cooperation from the new physician.
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but this may not be successful in all cases.

5.4.2 The patient may be unable to continue participation in the study due to some
significant, though unrelated condition or accident.

5.4.3 Female patients becoming pregnant after inclusion into the study will notify the

investigator and will be withdrawn from the study.

5.5 Criteria for Replacing a Patient

5.5.1 Cell Expansion: Those patients for whom it was not possible to expand TIL up

to 10
9 may receive all cells obtained after cell expansion appears to have stopped.

The subjects will be evaluated according to the protocol; however, the data will

not be included in the final analysis but will be reported separately.

5.5.2 Death before completion of rIL-2 infusion

5.5.3 Major protocol violation : Patients who receive other antitumor therapy in addition

to rIL-2 will be replaced and the data will be analyzed separately.

5.5.4 Lost to follow-up: Those patients for whom there is inadequate information to

judge tumor response because of loss of contact despite repeated attempts to obtain

information.

5.5.5 Grade 2 or Grade 3 toxicity recurring after resumption of rIL-2 at 10 percent of

the original dose.

5.5.6 All patients demonstrating unacceptable toxicity to IFNaA (applicable to study

subjects 16-30).

6. STUDY POPULATION

Patients with metastatic cancer with tumor suitable for surgical resection will be entered

into this study.

6. 1 INCLUSION CRITERIA

6.1.1 Study subjects must have a histologically confirmed diagnosis of metastatic

cancer and give consent for entry surgical procedure and the regimen of

this protocol. Patients must have at least one subcutaneous deposit of

metastatic tumor available for biopsy.

6.1.2 Age 18 or older
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6.1.3 Both males and females may be enrolled. All patients should be

counselled regarding the need for effective contraception because of the

possible teratogenic/mutagenic effect of the rIL-2. Premenopausal females

must have a negative pregnancy test prior to surgery and within one week
of treatment.

6.1.4 Patients must be ambulatory with a Kamofsky Performance status greater

than or equal to 70 percent have a life expectancy of greater than 16

weeks.

6.1.5 Patients must have the following minimum values:BC > 3500/MM 3

,

Hgn>10 gm/dl; platelets > 100,000/mm 3

;
granulocytes

> 1500/mm3
;serum creatinine <2.0 mg/dl; bilirubin <1.5 mg/dl;SGOT

< 150IU/L or 4 x upper limit; PTT < 1.5 x control.

6.1.6 Patients must have a Cardiac status of 1 (one) on the modified New York

Heart Association scale (Appendix VI,) with no evidence of congestive

heart failure or coronary artery disease; no serious cardiac arrhythmias or

evidence of prior myocardial infarction.

6.1.7 No evidence of active opportunistic infection.

6.1.8 A minimum of 4 weeks must have elapsed since the completion of prior

radiotherapy. No concurrent radiotherapy or chemotherapy is permitted.

6.1.9 A minimum of 8 weeks must have elapsed since the completion of

previous immunotherapy, including IL-2 therapy.

6.1.10 The patient must give informed consent.

6.2

EXCLUSION CRITERIA

6.2.1 Patients with organ allografts

6.2.2 Patients who require or are likely to require corticocosteroids for

intercurrent disease.

6.2.3 Patients with a history of malignant disease, excluding basal cell

carcinoma, or infection with the human immunodeficiency virus (HIV).

6.2.4 Patients with any major psychiatric illness, unstable blood pressure, known

CNS or seizure disorders, severe diabetes, or active infection.
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6.2.5 Chemotherapy
,
other immunotherapy ,

radiotherapy
,
and hormonal therapy

must be excluded during participation in this clinical trial.

6.2.6 Glucocorticosteroids may abrogate the effectiveness of rIL-2 therapy.

These agents should be excluded during and for one week preceding entry

into this trial (except for life-threatening symptoms).

7. STUDY MEDICATION DESCRIPTION

7.1 Interleukin-2 (rIL2)

The gene for rIL-2 (Ro 23-6019) is derived from the human lymphoblastoid T-cell

(JURKAT), and the rIL-2 protein is produced by Escherichia coli RR1 containing

the plasmid RC233/IL-2.

Highly-purified Roche rIL-2 has a natural sequence and appears to be composed

of greater than 95 percent of one protein species. Purified rIL-2 has a molecular

height of 15,500 daltons, as estimated by mobility measurements on SDS-
polyacrylamide gel electrophoresis (when compared to known molecular weight

standards). The calculated molecular weight based on its amino acid sequence is

15,420 daltons
12

.

The rIL-2 is supplied powder in sterile 5 ml vials. The vials will be supplied with

varying amounts of rIL-2 which may be reconstituted with sterile, preservative

free, isotonic saline in a volume of 1 ml.

This volume is then further diluted in 500 ml to 1000 ml of normal saline for

infusion over 24 hours. The reconstituted solution is stable for 24 to 36 hours at

room temperature. The rIL-2 is not stable when reconstituted in a 5 percent

dextrose solution, therefore 5 percent dextrose should not be used as a diluent.

7.2 Recombinant interferon alpha 2a . (IFNaA)

Ro 22-8181/002

RoferonR-A is supplied as either a lyophilized powder or solution for injection in

sterile 3 or 5 ml vials. A vial will contain approximately 3 X 10
6
or 18 X 10

6

units of RoferonR
-A. The lyophilized powder should be reconstituted just prior

to use because it contains no bacteriostatic agent. Any unused material, whether

reconstituted or injectable solution should be discarded. Store unused, lyophilized

powder in the refrigerator or freezer (-4 to +46° F, -20° to +8°C. When
RoferonR-A is supplied as an injectable solution, store in the refrigerator (+36°

to +46° F, +2° to +8° C). The injectable solution should not be frozen.
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7.3 Autologous CD8( + ) and CD4(+) Lymphocytes

Both CD8(+) and CD4(+) T-cells will be selected from the tumor deposits using

the AIS CELLector™ CD8 or CD4 Cell Culture Flask. CD8 or CD4 murine

monoclonal antibodies are covalently bound to the surface of the Flask. The
selected T-cells will be expanded in the presence of rIL-2. A dosage of 10

9
to

10
11

cells in 5 percent normal human serum albumin will be infused into the

patient of origin.

8. DEVICE DESCRIPTION

8.1 AIS CELLector™ CD8 and CD4 Cell Culture Flasks consist of a polystyrene

tissue culture flask with murine CD8 or CD4 monoclonal antibodies covalently

bonded to he polystyrene surface of the flask. The adherence of the antibodies

to the flask surface remains stable throughout the cell separation procedure. The

CELLector™ CD8 Cell Culture Flask selects CD8(+) T-cells from peripheral

mononuclear cells (PMBC) or cultured lymphocytes. The CELLector™ CD8 Cell

Culture Flask yields a 95 percent pure and viable CD8(+) cell preparation. The

flask is terminally sterilized, therefore, CD8 cell separation occurs within a

protective and sterile environment.

9. ADMINISTRATION AND DOSAGE

The infused CD8(+) and/or CD4(+) TIL cells will be supported by a four week
course of therapy consisting of a continuous infusion of 2 x 10

6 BRMP units of

rIL-2 every 24 hours for 4 days via a continuous intravenous infusion pump.

Renal cell carcinoma patients will also receive IFNaA either by intramuscular or

subcutaneous injection on days one and 4 of each week. Additional four week
courses of therapy of rIL-2 and IFNorA may be given if clinically indicated.

Therapy in this protocol is designed to be administered on an outpatient basis.

9.1 Administration of rIL-2

The Parker Micropump Model 2004 will be used to administer rIL-2 continuously

for 4 days during each week of the four week course of therapy Patients or the

responsible individual will receive instructions for use of the Parker Micropump
and will also be informed of the Guidelines for Outpatient Administration pf rIL-2

and IFNaA (Appendix VII). Outpatient administration will depend on each

patient’s tolerance of the therapy and the judgement of the investigator.

Eligible patients will receive at least one course of therapy, where each course

consists of four consecutive weeks of rIL-2, 2x10* U/m2
/day, continuous infusion

(CIV) on days one through 4 of each week. The rIL-2 infusion will begin one to
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two hours prior to the TIL infusion during the first week of treatment. Patients

may receive a second four week course of therapy of rIL-2 following a two week
rest period. Continued treatment for responders and/or patients with stable

disease, will be decided on an individual basis. Patients demonstrating

unacceptable toxicity will be withdrawn.

9.2 Administration of IFNaA

Eligible renal cell patients will receive at least one course of therapy, where each

course consists of four consecutive weeks of IFNa, 6X106 U/m2
/day, by

intramuscular (IM) or subcutaneous (SC) injection on days one and 4 of each

week. Patients may receive a second four week course of IFNcxA therapy

following a two week rest period. Continued treatment for responders and

patients with stable disease, will be decided on an individual basis. Patients

demonstrating unacceptable toxicity will be withdrawn.

9.3 Administration of TIL and PBL

The number of rIL-2 activated bulk CD8(+) and/or CD4(+) TIL and/or PBL to

be administered during a single infusion is 10
9
to 10

u
This range of TIL cells has

already been administered safely in a single infusion
9 and represents a volume of

medium which can be processed in one day. The cells will be administered

intravenously through a large peripheral vein or central venous catheter. The TIL

infusion will begin one to two hours after the initiation of the rIL-2 infusion

during the first week of treatment. A single infusion of 109
to 10" cells in 5

percent normal Human Serum Albumin will be performed over a two hour period

in an outpatient setting. The administration regimen is as follows:

9.3.1 The TIL will be resuspended in 5 percent normal Human Serum Albumin

for single infusion. TIL and PBL will be infused sequentially.

9.3.2 All 10
9
to 10“ will be infused after microbiological testing is completed

and concurrently with immunological testing. TIL cultures that are

contaminated with microorganisms will not be infused into the patient.

9.3.3. No filters will be used in the infusion line.

9.3.4. The cells will be mixed gently in the infusion bag every 5 minutes to

prevent the cells from clumping together.
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9.3.5. Vital signs will be obtained every 15 minutes during the TIL infusion, and

30 minutes after completion of the infusion. Fluid balance will be

monitored during the rIL-2 infusion. Patients will be instructed to record

their weight daily and to report a weight gain in excess of 5 lbs per day

or 20 lbs total for the duration of the rIL-2 infusion.

10. TREATMENT OF SIDE EFFECTS AND TOXICITY MANAGEMENT

10.1 Recombinant Interleukin-2 Toxicity

a) Human Studies: Previously documented side effects of rIL-2 at a dose of

3 x 10
6 U/m2

/day include: severe flu-like symptoms, diarrhea, cardiac

arrhythmias, hypotension, weight gain, thrombosis, congestive heart

failure, short term memory loss, pruritis, abdominal cramps, leg

weakness, knee tenderness and infection. These toxicides are described

in Appendix VIII.

10.2 Treatment of Possible Toxicity and Side Effects of Recombinant Interleukin-2

10.2.1 Toxicity criteria are given in Appendix III.

a) Dose Modification: Recombinant IL-2 may be utilized at a 50 percent

lower dose level.

b) The development of life threatening toxicity (Grade 3) will require

withholding of rIL-2 until toxicity returns to less than grade 1 or to

baseline, at which time rIL-2 will be resumed at 50 percent of the initial

dose level. If Grade 2 or Grade 3 toxicity occurs after the resumption at

50 percent of the initial dose rIL-2 will again be discontinued until a

return to baseline value or Grade 1 toxicity. Resumption of the rIL-2 will

be at 10 percent of the initial dose. These patients will be withdrawn from

the study, however, if Grade 2 or Grade 3 toxicity occurs after resumption

at 10 percent of the initial dose.

10.2.2 Treatment Regimen

Acetaminophen 650 mg q 6 hours prophlactically for chill. For some

study subjects it may be necessary to maintain a q 4 hours schedule.

Diphenhydramine, 50 mg IV prior to the rIL-2 infusion and q 4 hours pm.

Compazine 10 mg IV or PRN q 4 hours pm for nausea.
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If the study subject develops severe chills and fever despite pre-

medication, hospitalization may be indicated. Meperedine 25-50 mg IV

q 4-6 hours or Morphine 4-6 mg IV q 2 hours may be used. Administer

at the first indication of chills.

IV fluids will be administered according to study subject need. If

hypotension (systolic pressure <90 mm Hg) develops, then the fluid rate

will be increased and the level titrated to maintain the blood pressure

between 80 and 90 mm Hg.

Dopamine 3-5 mg/kg/minute will be administered for symptomatic

hypotension below 80 mm Hg not responsive to an initial fluid challenge.

All study subjects should receive antibiotics, anti-emetics and other

medications as clinically indicated.

10.3 IFNaA Toxicity

a) Human Studies: Subcutaneous or intramuscular administration of IFNaA as a

single agent is reported in the package insert. Mild or moderate symptoms are

seen at low doses, more severe toxicity is observed at higher doses and resolve

with dose reduction. Symptoms include flu-like symptoms including fever,

fatigue, myalgia, headache and chills. For additional information see product

insert (Appendix IX).

10.4 Treatment of Possible Toxicity and Side Effects of IFNaA.

Study subjects experiencing toxicity or side effects of IFNa may be treated

according to the treatment regimen in Section 10.2.2. During treatment, grades

of toxicity, as defined in Appendix III, will be used to determine the

administration of the next dose.

a) Grades 1 and 2 Toxicity and Grade 3 granulocytopenia and

thrombocytopenia: Treatment may continue on schedule. For patients

intolerant of grades 1 and 2 toxicity who would choose to discontinue

treatment, the dose of rIL-2 may be attenuated to 1 x 10
6 U/m2

/day while

the IFNaA dose will remain at 6 x 10
6 U/m2

/day and treatment may
continue uninterrupted. Breaks in the treatment schedule, taken because

of toxicity should not be made up. All subsequent courses of treatment

should continue at this attenuated level of rIL-2 unless the subject

experiences > grade 3 toxicity.
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b) Grade 3 toxicity and Grade 4 granulocytopenia and thrombocytopenia:

Treatment will be withheld until the toxic reaction improves to < Grade

1 or symptoms return to baseline. If the reaction does not resolve to

either < Grade 1 or symptoms return to baseline within four weeks, then

the subject will be removed from the study. If the toxicity resolves to

< Grade 1 or symptoms return to baseline, then subjects who have not

previously had their dose of rIL-2 attenuated as described above, may
resume therapy at 2 x 10

6 U/m2
/day rIL-2 and 6 x 10

6 U/m2
/day rIL-2 and

3 x 10
6 U/m2

/day IFNaA. Subjects experiencing a recurrent Grade 3

toxicity or Grade 4 granulocytopenia and thrombocytopenia at this lowest

level will be discontinued from the study. If a different Grade 3 toxicity

occurs at this lowest dose level then therapy will be withheld until the

toxicity reaction returns to baseline or < Grade 1 . Treatment can then be

resumed at the same dose level at the Investigator’s discretion. If toxicity

does not resolve by the end of four weeks, the subject will be discontinued

from the study. Subjects experiencing Grade 3 neutotoxicity or cardiac

toxicity and subjects requiring prolonged use of pressors ( > 48 consecutive

hours) for the management of hypotension will be withdrawn from the

study.

c) Grade 4 Toxicity: Treatment will be stopped and the subject withdrawn

from the study, except for Grade 4 granulocytopenia and

thrombocytopenia. Doses of rIL-2 and IFNoA will be modified for these

toxicities

10.5 TIL Toxicity

All toxicity will be graded according to Appendix III. Previously unknown or

severe toxicities must be reported as adverse experiences.

a) Animal Studies: No measurable toxicity was reported in the adoptive

transfer of rIL-2 activated TIL with cyclophosphamide and rIL-2 to mice

bearing metastases from various types of tumors 14
.

b) Human Studies: rIL-2 has been used in clinical studies with TIL in the

treatment of metastatic cancer. The NCI pilot study
7 on 12 study subjects

with metastatic cancer examined the effect of 6 x 10
10
TIL. Up to four

infusions of rIL-2 activated TIL were administered over a period of 2 to

4 days and rIL-2 was given at 10,000, 30,000 and 100,000 U/kg every
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eight hours. Many of the side effects of the therapy were attributable to the rIL-2 infusions and

resolved rapidly upon cessation of the rIL-2. Rosenberg reported on 20 study subjects with

metastatic malignant melanoma who received a single dose of cyclophosphamide followed 36

hours later by infusions of TIL. The patients received infusions of TIL ranging from 3 x 10
10

to 75 x 10
10

cells (median 20.5 x 10
10

) over a period of one to two days without notable adverse

experiences. After the first infusion. study subjects also received an infusion of 100,000 units

of rIL-2/kg given every eight hours for five days or until dose-limiting symptoms occurred8
.

10.6 Treatment of Possible Toxicity and Side Effects of TIL

Toxicity associated with infusion of autologous TIL has not been observed,

however, there is the theoretical potential that patients may experience chills,

fever, nausea and general malaise seen infrequently with the transfusion of blood

components. Symptoms may mimic those of rIL-2 and should be treated

according to the treatment regimen in Section 10.2.2.

1 1 . EVALUATION OF SAFETY AND EFFICACY

11.1 Baseline Evaluation

The clinical investigator will complete a physical examination. The following

criteria will be evaluated within 2 weeks prior to the initiation of therapy:

Physical exam, including weight, Kamofsky Performance status, and vital signs

Concomitant medications

CBC with differential, platelet count

Serum chemistry

Urinalysis

Coagulation profile (PT, PTT)

Tumor assessment measurements of evaluable disease by appropriate diagnostic,

radiological and nuclear medicine studies

Pregnancy test (if premenopausal female) one week prior to therapy

Cytokine assays (serum IL-2 and alpha interferon)

Antibody assays (anti-rIL-2 and anti-rHuIFN-alpha 2a)

Cytotoxicity of peripheral blood cells (K562, Daudi, LDCC)
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11.2

Evaluation of TIL Cells Prior to Week-1

11.2.1 Immediately after recovery of TIL cells from the CELLector™
Flasks

Aerobic and anaerobic culture

Gram stain

11.2.2 Two days (48 hours) prior to the TIL infusion

Aerobic and anaerobic culture

Mycoplasma test

Gram stain

11.3 TIL Infusion Evaluation (Week- 1)

Any adverse event that may be related to the TIL infusion will be

recorded. The following evaluations will be performed and

recorded:

11.3.1 Clinical Evaluation (Day one of week- 11

Weight

Concomitant medications

CBC with differential, platelet count

Serum chemistry

Urinalysis

Coagulation profile (PT, PTT)

EKG, chest x-ray, and CT or MRI brain

scan, as clinically indicated

11.3.2 Laboratory Evaluation of TIL Cells (Prior to or concurrently with TIL

infusion on day one of week- 1

1

Cell yield, log expansion, cell viability

Phenotype

Panel (FITC/PEL

Isotype/Isotype, CD3/CD8, CD3/CD4, CD3/CD56
CD16/CD56, CD8/CD38, CD8/Leu8, CD8/CD25
CD8/CDllb, CD8/Anti HLA-DR, CD8/CD45RA
CD8/CD29, CD3/TCR

Cytotoxicity

(K562, Daudi, Allogenic and Autologous Tumor)

Prior to infusion of TIL cells a Gram stain is performed and an

aliquot is obtained for confirmatory aerobic and anaerobic culturing
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11.3.3 Infusion Data (During TIL infusion on day one of week-1

Total number of TIL infused

Vital signs (every 15 minutes during infusion of TIL and 30

minutes after infusion)

11.4 Treatment Day Evaluation

The following examinations will be performed on day one of each treatment week (weeks

2-4, 7-10, 13-16, 19-22):

Vital signs

Weight

CBC with differential, platelet count

Urinalysis

Serum chemistry

Coagulation profile (PT, PTT)

11.5 Follow-up Evaluation During Treatment

The following examinations will be performed and recorded during weeks 6,12, 18 and

24.

Physical exam
Concomitant medications

Vital signs

CBC with differential, platelet count

Serum chemistry

Urinalysis

Coagulation profile (PT, PTT)

Tumor assessment

Cytokine assays only on weeks 6 and 24 (serum IL-2 and alpha interferon)

Antibody assays only on weeks 6 and 24 (anti-rIL-2 and anti-rHuIFN-alpha 2a)

Cytotoxicity of peripheral blood cells only on weeks 6 and 24 (K562, Daudi,

LDCC)

11.6 Post Treatment Follow-up

If CAT scans are not required for tumor assessment, the following list of evaluations will

be performed and recorded during weeks 28, 32, 36, 40, 44, and 48. if CAT scans are

required for tumor assessment, the evaluations will be performed only durikng weeks 28

and 40:
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Physical exam
Concomitant medications

Vital signs

Weight

Kamofsky Performance status

CBC with differential, platelet count

Serum chemistry

Urinalysis

Coagulation profile (PT, PTT)

Tumor assessment

Cytokine assays, only during weeks 28 and 40 (serum IL-2 and alpha interferon)

Antibody assays, only during weeks 28 and 40 (anti-rIL-2 and anti-rHuIFN-

alpha 2a)

Cytotoxicity of peripheral blood cells, only during weeks 28 and 40

(K562, Daudi, LDCC)

After week 52, patient evaluation and tumor assessment may continue if disease

progression has not occurred.

12. TUMOR ASSESSMENT

12.1 Tumor parameters are defined as the product of two perpendicular diameters of

marker lesions, in centimeters (cm), applied at the widest portion of the tumor.

12.2 In the event of extensive metastases, sentinel lesions may be selected for

determining the efficacy of the study treatment. Sentinel lesions are defined as

those lesions existing at baseline, which, in the clinical opinion of the investigator,

most clearly represent the state of disease. Sentinel lesions will be selected before

treatment begins and should not be previously irradiated fields, unless progression

has occurred. The liver itself cannot be used as a sentinel lesion, although lesions

within the liver are acceptable. The minimum acceptable size of the lesions will

depend upon their number and dimension as outlined in the following table:

Number of

Lesions

1

Dimension

Bidimensional

Minimum
Size

1.0 cm x 1.0 cm

>1 Bidimensional 0.5 cm x 0.5 cm
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Three sentinel lesions may be selected for assessment and followed instead of multiple

lesions.12.3

Tumors will be assessed prior to the nephrectomy, at baseline, and at weeks 6,

12, 18, and 24 during the treatment period. During the post-treatment follow-up

period, the tumors will be evaluated monthly until the disease progression if CAT
scans are not required to evaluate the tumors, or every three months until disease

progression if the tumors are evaluated using CAT scans. Assessment should also

be performed when clinically indicated or upon withdrawal from the clinical trial.

13. CRITERIA FOR CLINICAL RESPONSE

13.1 Anti-tumor response will be determined according to the criteria established the

World Health Organization
15

.

13.2 The definition of a Complete Response (CR) is the disappearance of all clinically

detectable disease for a period of at least four consecutive weeks after the

completion of the treatment period.

13.3 The definition of a Partial Response (PR) is a 50 percent or greater decrease in

the sum of the products of die two greatest perpendicular diameters of the

measurable lesions for a period of at least four weeks. No simultaneous increase

in the size of any lesion or the appearance of a new lesion may occur.

13.4 The definition of a minor response (MR) is a 25 percent or greater decrease in the

sum of the products of the two greatest perpendicular diameters of the measurable

lesions for a period of at least four weeks. No simultaneous increase in the size

of any lesion or the appearance of a new lesion may occur.

13.5 The definition of no change in tumor (NC) is defined as < 25 percent increase or

decrease in the size of the tumor and no lesions for at least four weeks after

completion of the treatment period.

13.6 The definition of progressive disease (PD) is a >25 percent increase in the tumor

size as defined above. Appearance of new lesions will also constitute progressive

disease.

14. TIL PROCESS EVALUATION

For use directions see the CELLector™ CD8 and CD4 Cell Culture Flask Operator

Manual.
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14. 1 The performance of the CELLector™ CD8 and CD4 Cell Culture Flasks will be

evaluated for purity of the respective TIL using monoclonal antibodies and two

color flow-cytometry.

14.2 The expanded CD8( + ) TIL will be evaluated for cell yield, log expansion, and

cell viability

14.3 The expanded CD8(+) TIL will be evaluated for cytotoxicity (K562, Daudi,

Autologous tumor, and allogenic tumor).

14.4 Assessment of the TIL cells for microbial contamination will be completed

immediately after the removal of the cells from the CELLector™ Flasks, forty-

eight (48) hours prior to the preparation of the cells for infusion, and immediately

after the cells are resuspended in Human Serum Albumin (prior to the cell

infusion). Microbial contamination will be assessed by aerobic and anaerobic

cultures, Gram stain, and Mycoplasma testing.

15. RETROVIRAL TRANSDUCTION AND EXPERIMENTAL STUDIES

15.1 LNL6 (neoR) VECTOR

This well characterized vector is being used in a number of approved human

subject trials. The LNL6 vector is derived from the Maloney murine leukemia

virus (MMLV) and contains of the 5’ and 3’ terminal repeats, an extended (j>

sequence including a portion of the 5’ reading frame of the retroviral gag

proteins. The neoR gene is driven by the promoter in the 5’ LTR.

This vector was transfected into the PA317 cell line which produces virus-rich

supernatants and has been demonstrated to be free of wild type (infectious) viruses

and has passed FDA-required safety tests.

The LNL6 vector will be provided as frozen supernatant stocks at no cost by

Genetic Therapy, Incorporated, Gaithersburg, MD.

15.2 GIN (neoR) vector

This neoR vector was developed by GTI and is virtually identical to LNL6. At

position 1470 there are 16 additional bp derived from the pGl polylinker. At

position 2336 in GIN, 680bp of 3
1

untranslated neoR gene sequences are deleted

and 36 bp derived from pGl polylinker added.
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FDA approval of this vector is pending

15.3 Testing of retroviral supernatants

The following tests will be performed on LNL6 and GIN cells and supernatants

by GTI:a. titre, b. sterility, c. Map test, d. Leu virus, e. thymic agent,

f. S+/L-assay for ecotropic virus, g. S+/L- for xenotropic virus, h. S+/L- for

amphotropic virus, i. 3T3 amplification.

15.4 Transduction of Bulk, CD8(+) and CD4(+) TILs and PBL

Frozen LNL6 and GIN supernatants will be provided by GTI and stored at -70°C.

On the day of TIL transduction, aliquots will be thawed and passed through

Coming 0.22 micron filters. TIL will be resuspended at a concentration of 10
6

cells/ml in a transduction mixture consisting of 50% AIM V + lOOOu/ml IL-2

and 50% viral supernatant (an infectivity ratio of 2-3:1) supplemented with

protamine sulfate at a final concentration of 5 ^g/ml. One half of TIL and all

PBL willl be transduced. After incubation at 37°C for 4 hr, TIL will be washed

3 x in AIMV and introduced into tissue culture bags for large scale expansion of

cells for therapy.

CD8(+) and CD4(+) TIL and PBL are prepared as described in Appendix II.

These cells are cultured for 1-2 weeks in T 150 flasks. After satisfactory cell

growth is confirmed, TIL are then transferred to tissue culture bags for large scale

expansion. Retroviral transduction will be performed during the transition. One

half of the cells destined for large scale expansion and clinical use will be

transduced The other half will be expanded in parallel bags. In this way, if

transduced TIL/PBL are found to be unsuitable for clinical use (e.g. sterility

problems, etc.), patients can still be treated with a satisfactory number of

untransduced cells.

15.5 Tests on transduced TIL and PBL populations

a. Viability - greater than 70% by trypan blue exclusion

b. Cytology - prior to infusion a cytologic analysis will be performed on

Cytospin preps to assure that no tumor cells are present

c. Sterility - TIL cultures will be cultured for aerobic and anaerobic bacteria,

fungus and mycoplasma

d. S+/L-assay - negative including 3T3 amplification
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f. Absence of autonomous growth -

IL-2 will be withdrawn from an aliquot of TIL for one week to make certain that

they do not exhibit autonomous growth

I;

g. Cytotoxicity -

targets include K562, Daudi, allogeneic and autologous tumor

h. Phenotype -

Flow cytometric analysis will be performed using the following panel of

antibodies: CD3/CD8, CD3/CD4, CD3/CD56, CD16/CD56, CD8/CD38, CD8,
Leu8, CD8/CD25, CD8/CD116, CD8/anti HLA-DR, CD8/CD4SRA, CD8/
CD29, CD3/TCR.

i. mRNA expression-

whole cellular RNA will be extracted from TIL and PBL using the guanidinium -

CsCl method and 20/xg separated on agarose gels. After transfer to nylon

membranes, these will be probed with 32P-cDNA for TNFo;, IL-16, IL-6,

IL-4,IL-2 and IL-7.

j. cytokine -

An aliquot of TIL(5x 107ml) will be cultured in 6 well Costar plates in AIM V
+ 1000 u/ml IL-2 for 48 hr and the cell-free supernatants assayed for TNFa, IL-

16, IL-6, IL-4, and IL-7 using ELISA assays.

k. HLA typing-

Prior to patient infusion, TIL and PBL will be HLA-typed with freshly retrieved

patient PBL as a safeguard against laboratory labelling error.

15.6 CLINICAL STUDIES

In addition to evaluating clinical response (see section 13), the following studies

will be performed.

(a) BLOOD - 10 cc peripheral blood will be obtained 1,4,7,14,30,60,90 and 120

days after TIL infusion. PBL will be isolated by Ficoll-Hypaque centrifugation

and DNA prepared. Semiquantitative PCR analysis will be performed using

appropriate primers. The number of neoR gene copies of LNL6 and GIN will

be determined.

(b) TUMOR AND ADJACENT NORMAL TISSUE - Patients with easily

accessible, subcutaneous melanoma or renal cell carcinoma metastases will be

consented to undergo open or needle biopsy of the tumor and adjacent muscle or

uninvolved skin. The number of samples will depend on available
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tumor and patient comfort, but an effort will be made to obtain samples at weekly or biweekly

intervals. Peripheral blood draws will be coordinated with these biopsies. These samples will

be subjected to semiquantitative PCR analysis. See Appendix XI for biopsy schedule.

(c) AUTOPSY - Should a treated patient expire within 6 months of TIL infusion,

permission for autopsy will be requested and samples of brain, lung, liver, spleen,

intestine, kidney, skeletal muscle, skin, blood and tumor obtained. These will be

subjected to semi-quantitative PCR analysis.

(d) RESEARCH GOALS - Although TIL appear to participate in the regression

of certain tumors, their mechanism of action isn’t understood. TIL may
specifically localize to tumor sites and mediate tumor destruction, or,

alternatively, may help to generate an effective systemic immune response without

tumor localization. Animal models of adoptive immunotherapy have demonstrated

that both CD8 and CD4 immune cells are able to mediate tumor destruction.

In designing this clinical trial, we wished to test the hypothesis that TIL have

unique immunological and in vivo trafficking properties . We have elected to

compare bulk TIL, CD8(+)TIL and CD4(+)TIL with respect to in vivo life-span

and trafficking. If TIL have "special" properties, we would expect that they

would behave differendy than IL-2 expanded bulk, CD8(+) or CD4( + )PBL.

Accordingly, we have selected PBL as a "control" effector cell. In addition to

having bulk, CD8 and CD4 TIL expanded, PBL will be obtained, enriched and

expanded in parallel cultures. We will use PCR distinguishable neoR retroviral

vectors to label the 2 different effector populations. Using semiquantitative PCR,

we will know the rado of administered cell populations (e.g. bulk TIL/PBL, CD8
TIL/CD8 PBL, CD4 TIL/CD4 PBL, CD8 TIL/CD4 TIL). This ratio can then

be determined in samples of blood, tumor and normal tissue obtained at intervals

following adoptive transfer. If the ratio changes significantiy and in a

reproducible fashion, we can conclude that the in vivo trafficking properties of

these cells differ. We would be particularly interested to see if TIL populations

are enriched in tumor deposits and whether this is a result of localization or

improved life-span.

16. STATISTICAL CONSIDERATIONS

Study subjects will be considered responders to the combination of TIL and rIL-2, and

IFNaA if, by the end of the observation period they have achieved an objective response

(either a complete response or partial response) of at least 4 weeks duration. The

objective response rate will be determined as the percentage of all evaluable study

subjects considered as responders to the described therapy.
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Time to and duration of the objective response will be summarized for evaluable study

subjects whose best response is at least a partial response. Time to objective response is

the number of days from the start of therapy to the first documentation of objective

response. The duration of the response is the number of days from the initial

documentation of the objective response to the most current evaluation of that response

or to documentation of progression.

17. ETHICAL AND REGULATORY CONSIDERATIONS

17.1 Informed Consent

The principles of informed consent are described in FDA Regulations (Federal

Register - July 27, 1981). These principles must be followed to comply with Food

and Drug Administration Regulations. A subject must give his/her written

consent to participate in the study. This consent must be witnessed, dated, and

retained by the investigator as part of the study records. A copy of the consent

form must be given to the subject.

A copy of the Experimental Subject’s Bill of Rights must be given to the subject.

17.2 Adverse Experiences

All adverse experiences encountered during the clinical study will be reported.

An adverse experience is any adverse change from the study subject’s baseline

(pre-treatment) condition, including any clinical or laboratory test abnormality

which occurs during the course of a clinical study after treatment has started,

whether considered related to treatment or not. "Treatment" includes all

investigational agents administered during the course of the study.

Relationship of the adverse experience (unrelated, remote, possibly related, or

probably related) to the treatment should be assessed. See Appendix IV.

17.2.1 Reportable Adverse Experiences

Any clinical adverse experience or abnormal laboratory test value

that is serious or unexpected (including death, overdose, or

congenital anomaly) occurring during the course of the study,

irrespective of the treatment received by the patient, must be

reported to the FDA within five working days of occurrence. The

Institutional Review Board will be notified of such an event, in

writing within 10 days.
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A serious adverse experience is any experience that suggests a

significant hazard, contraindication, side effect or precaution.

With respect to human clinical experiences, this includes any

experience which:

17.2.1.1

17.2.1.2

17.2.1.3

17.2.1.4

Is fatal or life-threatening; is permanently disabling

(incapacitating or interfering with the ability to

resume usual life patterns); requires in-patient

hospitalization or prolongation hospitalization; is a

congenital anomaly, cancer; or is an overdose.

An unexpected adverse experience is any adverse

experience that is unanticipated in nature, intensity,

or frequency that may have potential relevance to

the concept of the overall safety of the treatment.

An overdose is a deliberate or inadvertent

administration of a treatment at a dose higher than

specified in the protocol and higher than known
therapeutic doses. It must be reported irrespective

of outcome; even if toxic effects were not observed.

A death occurring during the study which comes to

the attention of the investigator within four weeks

after stopping the treatment (or at any time during

the protocol-defined follow-up period), whether

considered treatment-related or not, must be

reported.

17.3 Case Report Forms

Case Report Forms (CRF) are used to record study data and are an integral part

of the study and subsequent reports. Therefore, the reports must be legible and

complete. All forms should be filled out using a black ball point pen. Errors

should be lined out but not obliterated and the correction inserted, initialed, and

dated by the principal or co-investigators. In the event errors are corrected by the

data manager(s), follow the same procedure as above. In addition, however, one

of the investigators must also initial these changes.
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A Case Report Form must be completed and signed by the principal or co-

investigator for each subject enrolled, including those removed from the study for

any reason. The reason for removal must be noted on the Final Subject Report

Form by the investigator for each subject.

Case Report Forms must be kept current to reflect subject status at each phase

during the course of the study. Subjects are not to be identified on case report

forms by name; appropriate coded identification and subject initials must be used.

The investigator must keep a separate log of subject names and addresses. This

log is subject to FDA inspection.

Because of the potentials for errors, inaccuracies, and illegibility in transcribing

data onto case report forms, originals of laboratory and other test results must be

kept on file with the subject’s case report form or clinical chart. Case report

forms and copies of test results must be available at all times for inspection by the

FDA.

17.4 Initiation of Study

Prior to the initiation of the study, the following must be completed:

Letter of Institutional Review Board approval

Signed copy of the protocol

Written Informed Consent Form approved by an IRB.

FDA form 1572 (Statement of Investigator) signed by the principal

investigator

The curriculum vitae of the investigator(s)

17.5 Maintenance of Study Documentation

It is the responsibility of the investigator and the study staff to maintain a

comprehensive and centralized filing system of all relevant study documentation.

Such documentation includes:

Case Report Forms - which must be kept legible, accurate, and up-to-date

Patient Files - which must substantiate the data entered in the Case Report

Forms with regard to lab data, patient histories, and treatment regimens

Patient exclusion Record - which should reflect the reason any patient was

screened.
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Final Subject Report Form - which should reflect the reason the subject

was terminated from the study and an explanation of the follow-up medical

care.

Adverse Experience Report Form - which should explain any serious or

unexpected adverse experience

Informed Consent Form - which must be available for each subject and be

verified for proper documentation

Study Notes - this section of the Case Report Forms, is utilized to explain

any aspect of the study that is not easily entered on the routine Case

Report Forms, and would include such items as: protocol deviations,

comments or explanations of unusual findings, any data or clarification of

data not explicitly requested on the case report forms.

Federal Regulations - requires that all of the items listed under Initiation

of Study, Maintenance of Study Documentation, IRB approvals, and any

other docuaments pertaining to the conduct of the study, must be kept on

file by the Investigator for a minimum of two (2) years after PMA
approval or discontinuation of the IND.

17.6 Patient Privacy

All patient data will be identified only by a patient identification number and

patient initials to protect the patient’s privacy. The data will be blinded

accordingly in all data analysis. However, in compliance with Federal guidelines

regarding the monitoring of clinical studies, it is required that the investigator

permit a representative of the FDA to review that portion of the patient’s medical

record that is directly related to the study.
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This shall include all relevant study documentation including patient medical histories to verify

eligibility, laboratory test result reports to verify transcription accuracy, x-ray reports,

admission/discharge summaries for hospital/outpatient admissions occurring while the patient is

on-study, and autopsy report for deaths occurring during the study (if available).

As part of the required content of informed consent, the patient must be informed that his/her

medical chart may be reviewed by a representative of the Food and Drug Administration.

Should access to the medical record require a separate waiver or authorization, it is the

investigator’s responsibility to obtain such permission from the patient in writing before the

patient is entered into the study.
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UNIVERSITY OF CALIFORNIA, LOS ANGELES
CONSENT TO ACT AS A SUBJECT IN A RESEARCH PROJECT

TITLE: The Treatment of Patients with Metastatic Melanoma and Renal Cell Cancer Using In

Vitro Expanded and Genetically-Engineered (Neomycin phosphotransferase) Bulk, CD8( + )

and/or CD4(+) Tumor Infiltrating Lymphocytes and or Bulk, CD8(+) and/or CD4(+)
Peripheral Blood Leukocytes in Combination with Recombinant Interleukin-2 alone or with

Recombinant Interleukin-2 and Recombinant Alpha Interferon.

INVESTIGATORS: James S. Economou, M.D.,Ph.D., Arie Belldegrun, M.D. Co-

investigators: Robert A. Figlin, M.D., E. Carmack Holmes, M.D., Edwin Jacobs, M.D.,

Donald Kohn, M.D., Sidney Golub, Ph.D., Hungyi Shau, Ph.D., William H. McBride,

Ph.D.,Sc.D., Jean de Kemion, M.D., Robert C. Moen, M.D.,Ph.D.

PATIENT TITLE: ADMINISTRATION OF TIL AND PBL
ADMINISTRATION OF IL-2 FOR MELANOMA

1
.

Patient’s Name UCLA ID Number

You have the right to know about the procedures that are to be used in your participation in

clinical research so as to afford you an opportunity to make the decision whether or not to

undergo the procedure after knowing the risks and hazards involved. This disclosure is not

meant to frighten or alarm you; it is simply an effort to make you better informed so you may
give or withhold your consent to participate in clinical research. This informed consent does not

supersede other informed consents you may have signed.

Description of Research

2. Purpose of study : I understand that this is an experimental treatment study to treat my
melanoma with immune lymphocytes and interleukin-2. Conventional therapy has not proven

effective in treating my tumor.

HSPC #91-10-442

Date of expiration
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3. Description of research protocol : I understand that the immune lymphocytes or white blood

cells to be used in this experimental treatment will come from two sources - blood and tumor.

Immune lymphocytes from my blood (also called peripheral blood lymphocytes, PBL) will

require that 40 ml (1/6 cup) of blood be removed by needle puncture of a vein. Tumor immune
lymphocytes (also called tumor-infiltrating lymphocytes, TIL) are isolated from a resected portion

of my tumor. I understand that PBL and TIL are then placed in culture flasks where they are

grown in an incubator for 4-6 weeks. In order for these PBL and TIL to grow to large numbers

(from 1,000,000,000 to 100,000,000,000), a growth factor is added to the culture flasks. This

growth factor is called interleukin-2 (IL-2) and has the additional property of making these

lymphocytes more effective tumor-killing lymphocytes. After these PBL and TIL are grown to

sufficiently large numbers, they are reinfused by vein back to me, I will then be given IL-2. IL-

2 helps the PBL and TIL grow and function in me. In addition, IL-2 has anti-cancer properties

by itself. IL-2 is given by continuous infusion by vein 4 days out of 7 for up to 64 days of

treatment in a 22 week period. During treatment, biopsies of tumor and adjacent skin, fat and

muscle and blood draws (10 cc, 1/24 cup) may be requested one or more times. I_have seen and

understand the schedule of treatments on page 6. I may refuse these purely investigational

procedures at any time without prejudice. I will need to be seen weekly for up to 22 weeks and

monthly thereafter.

I will be randomly assigned to receive one of the following 4 combinations of immune
lymphocytes: (A) TIL and PBL, (B) CD8 (suppressor) TIL and CD8 (suppressor) PBL, (C)

CD4 (helper) TIL and CD4 (helper) PBL, or (D) CD8 (suppressor) TIL and CD4 (helper) TIL.

I understand that both suppressor and helper lymphocytes are found in tumor and peripheral

blood and in animal tumor models, both have anticancer activity. I have been told that it is not

known whether one or more of these cell types in humans have better anticancer activity than

the others. I understand that one goal of this study is to see if these immune lymphocytes have

different anticancer properties.

4. Risks , side-effects and discomforts for participants : I understand that at least one surgical

operation will be required to remove enough tumor for the production of TIL for this

experimental therapy. After treatment begins, a request to remove one or more portions of

additional tumor may be made. These post-treatment biopsies may include tumor and adjacent

skin, fat and muscle and are for research analysis only and of no direct benefit to me. These

biopsies would be requested only for tumors directly beneath the skin. I will receive separate,

detailed, surgical informed consents for all operative procedures and may refuse at any time

without prejudice. I know that the risks of the entry surgical procedure will depend on the

anatomic site of the tumor and will be discussed by the attending surgeon. Post-treatment

biopsies are considered minor procedures but are associated with some local pain, and possibly

minor wound problems.

HSPC #91-10-442

Date of expiration
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I have been told that interleukin-2 administration may be associated with the following

side-effects - tiredness, fever, chills, sweats, nausea, vomiting, shortness of breath, nasal

congestion, confusion, seizures, low blood pressure, low urine output, heart attack, arthritis,

vision changes, low blood counts, muscle pains, knee tenderness, infection, flu-like symptoms,

unknown side-effects and death. Most of these side-effects are reversible within 24-48 hrs

following discontinuation of IL-2 and are partially minimized by certain medications.

I have been told that TIL and/or PBL administration may be associated with side-effects

consisting of fever, chills, and some shortness of breath. Based on past experience, these are

expected to last only a few hours.

I have been told that the risks of placing catheters for intravenous infusions include

infection, bleeding, collapsed lung and clotting of blood vessel.

Drawing of blood by vein may be associated with the complications of swelling, pain,

bruising, fainting, and rarely inflammation or infection. Blood draws will be performed twice

weekly (20 ml, 1/12 cup).

If I am of child-bearing potential, I will not participate in this research protocol unless,

with the investigator’s knowledge and approval, I am employing a medically acceptable form of

birth control (contraception). This research may have unforeseeable risks to an embryo or fetus.

A pregnancy screening test will be performed at no cost to me and a negative result will be

required prior to the initiation of therapy.

5. Potential benefits : I have been told that this experimental treatment will be expected, on the

basis of past experience, to cause partial or complete regression of tumor in some patients.

1^understands that^there may be no direct benefit to me from study participation, and there is a

possibility my condition may become worse.

6. Alternate procedures qt treatment : This experimental clinical protocol is offered to me
because my cancer is advanced and conventional methods of therapy - surgery, chemotherapy

and/or radiation therapy - have not proven beneficial.

HSPC #91-10-442

Date of expiration
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UNDERSTANDING OF PARTICIPANTS

7. I have been given an opportunity to ask any questions concerning the investigational

cancer treatment regimen involved and the investigator has been willing to reply to my
inquiries. This investigational drug regimen will be administered under the above

numbers, titled and described clinical research protocol at this institution. I hereby

authorize Dr. the attending physician/investigator and designated

associates to administer the investigational cancer treatment.

8. I have been told and understand that my particicpation in this clinical research study is

voluntary. I may decide not to participate, or withdraw my consent and discontinue my
participation at any time. Such action will be without prejudice and there shall be no

penalty or loss of benefits to which I may otherwise be entitled, and I will continue to

received treatment by my physician at this institution.

Should I decide not to participate or withdraw my consent from participation in this

clinical research, I have been advised that I should discuss the consequences or effects

of my decision with my physician.

In addition, I understand that the investigator may discontinue the clinical research study

if, in the sole opinion and discretion of the investigator, the study or treatment offers me
little or no future benefit, or the supply of medication ceases to be available or other

causes prevent continuation of the clinical research study. The investigator will notify

me should such circumstances arise and my physician will advise me about available

treatments which may be of benefit at that time.

I will be informed of any new findings developed during the course of this clinical

research study which may relate to my willingness to continue participation in the study.

9. I have been assured that confidentiality will be preserved except that qualified monitors

from the Food and Drug Administratikon may review my records where appropriate and

necessary. My name will not be revealed in any reports or publications resulting from

this study, without my expressed consent.

10. I have been informed that should I suffer any injury as a result of participation in this

research activity, reasonable medical facilities are available for treatment at this

institution. I understand, however, that I cannot expect to receive any financial

compensation from this institution for such injury.

HSPC #91-10-442

Date of expiration
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11. I understand that I will not be charged for any procedure or test of an investigational

nature. The drugs and immune cells will also be provided free of charge. I understand

that I may discuss this and ask any questions regarding billing before I consent to

treatment.

12. 1 understand that cells obtained from my blood or tumor may be used to establish a cell

line which may be shared in the future with other researchers and which may be of

commercial value. A cell line is one which will grow indefinitely in the laboratory. Cell

lines may be useful because of the characteristics of the cells and/or products they may
produce.

13. The study and its procedures have been explained to me by .

I understand that if I have any questions, I may contact Dr. James Economou (310-825-

2644) or Dr. Arie Belldegrun (310-206-1434) in the Department of Surgery, UCLA
Medical Center. They will answer any questions at any time regarding any aspect of this

study. If the study design or the use of the information is to be changed, I will be so

informed and my consent will be reobtained.

14. I understand that the possible benefit of this study is the stimulation of the immune
response and potential shrinkage of my tumor. Although these treatments may be

helpful, these are experimental treatments and therefore it is not possible to determine the

likelihood of benefit at this time. I understand that my tumor may progress and my
condition may become worse in spite of receiving this experimental treatment.

I understand that if I am injured as a direct result of research procedures not done

primarily for my own benefit, I will receive medical treatment at no cost. The University

of California does not provide any other form of compensation for injury.

HSPC #91-10-442

Date of expiration
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I understand that if I have further questions, comments, or concerns about the study or

the informed consent process, I may write or call the office of the Vice Chancellor-Research

Programs, 3134 Murphy Hall, UCLA, Los Angeles, CA 90024, (310) 825-8714.

In signing this consent form, I acknowledge receiving a copy of the form as well as a

copy of the Subjects’ Bill of Rights.

Treatment, Test, Biopsy and Follow-up Schedule:

One month before treatment: removal of portion of tumor, draw blood (1/6 cup)

treatment weeks 1-4: receive TIL and PBL on day 1; IL-2 on M,T,W,Th,F by vein;

optional tumor biopsies on weeks 1,2,3; weekly blood draws (1/12

cup); weekly clinic visits.

treatment weeks 7-10,

13-16, 19-22 : receive IL-2 on M,T,W,Th,F by vein, weekly blood draws,

weekly clinic visits.

Date Signature of Patient

Time Signature of Witness

HSPC #91-10-442

Date of expiration
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UNIVERSITY OF CALIFORNIA, LOS ANGELES
CONSENT TO ACT AS A SUBJECT IN A RESEARCH PROJECT

TITLE: The Treatment of Patients with Metastatic Melanoma and Renal Cell Cancer Using In

Vitro Expanded and Genetically-Engineered (Neomycin phosphotransferase) Bulk, CD8(+)
and/or CD4(+) Tumor Infiltrating Lymphocytes and or Bulk, CD8(+) and/or CD4(+

)

Peripheral Blood Leukocytes in Combination with Recombinant Interleukin-2 alone or with

Recombinant Interleukin-2 and Recombinant Alpha Interferon.

INVESTIGATORS: James S. Economou, M.D.,Ph.D., Arie Belldegrun, M.D. Co-

investigaators: Robert A. Figlin, M.D., E. Carmack Holmes, M.D., Edwin Jacobs, M.D.,
Donald Kohn, M.D., Sidney Golub, Ph.D., Hungyi Shau, Ph.D., William H. McBride,

Ph.D.,Sc.D., Jean de Kemion, M.D., Robert C. Moen, M.D.,Ph.D.

PATIENT TITLE: ADMINISTRATION OF TIL AND PBL
ADMINISTRATION OF IL-2 AND IFNaA FOR RENAL CELL
CARCINOMA

la*
3&

l.

Patient’s Name UCLA ID Number

You have the right to know about the procedures that are to be used in your participation in

clinical research so as to afford you an opportunity to make the decision whether or not to

undergo the procedure after knowing the risks and hazards involved. This disclosure is not

meant to frighten or alarm you; it is simply an effort to make you better informed so you may
give or withhold your consent to participate in clinical research. This informed consent does not

supersede other informed consents you may have signed.

Description of Research

2. Purpose of study :
{[ understand that this is an experimental treatment study to treat your

kidney cancer with immune lymphocytes and interleukin-2 and interferonaA.

HSPC #91-10-442

Date of expiration
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3. Description of research protocol : I understand that the immune lymphocytes or white blood

cells to be used in this experimental treatment will come from two sources - blood and tumor.

Immune lymphocytes from my blood (also called peripheral blood lymphocytes, PBL) will

require that 40 ml (1/6 cup) of blood be removed by needle puncture of a vein. Tumor immune
lymphocytes (also called tumor-infiltrating lymphocytes, TIL) are isolated from a resected portion

of my tumor. I understand that PBL and TIL are then placed in culture flasks where they are

grown in an incubator for 4-6 weeks. In order for these PBL and TIL to grow to large numbers

(from 1,000,000,000 to 100,000,000,000), a growth factor is added to the culture flasks. This

growth factor is called interleukin-2 (IL-2) and has the additional property of making these

lymphocytes more effective tumor-killing lymphocytes. After these PBL and TIL are grown to

sufficiently large numbers, they are reinfiised by vein back to me
,

I will then be given IL-2 and

interferonaA. IL-2 helps the PBL and TIL grow and function in me. to addition, IL-2 has anti-

cancer properties by itself. Interferon-aA (IFNa) is given because it has anticancer properties

as well and is approved for the treatment of hairy cell leukemia and renal cell cancer. IL-2 is

given by continuous infusion by vein 4 days out of 7 for up to 64 days of treatment in a 22 week
period. IFNaA is given by injection under the skin 2 days out of 7 for up to 32 days of

treatment in a 22 week period. During treatment, biopsies of tumor and adjacent skin, fat and

muscle and blood draws (10 cc, 1/24 cup) may be requested one or more times. I have seen and

understand the schedule of treatments on page 6. I may refuse these purely investigational

procedures at any time without prejudice. I will need to be seen weekly for up to 22 weeks and

monthly thereafter.

I will be randomly assigned to receive one of the following 4 combinations of immune
lymphocytes: (A) TIL and PBL, (B) CD8 (suppressor) TIL and CD8 (suppressor) PBL, (C)

CD4 (helper) TIL and CD4 (helper) PBL, or (D) CD8 (suppressor) TIL and CD4 (helper) TIL.

I understand that both suppressor and helper lymphocytes are found in tumors and peripheral

blood and in animal tumor models, both have anticancer activity. 1 have been told that it is not

known whether one or more of these cell types in humans have better anticancer activity than

the others. I understand that one goal of this study is to see if these immune lymphocytes have

different anticancer properties.

4. Risks . I know that at least one surgical operation

will be required to remove enough tumor for the production of TIL for this experimental therapy.

After treatment begins, a request to remove one or more portions of additional tumor may be

made. These post-treatment biopsies may include tumor and adjacent skin, fat and muscle and

are for research analysis only and of no direct benefit to me. These biopsies would be requested

only for tumors directly beneath the skin. I_will receive separate, detailed, surgical informed

consents for all operative procedures and may refuse at any time without prejudice. I know that

the risks of the entry surgical procedure will depend on the anatomic site of the tumor and will

be discussed by the attending surgeon. Post-treatment biopsies are considered minor procedures

but are associated with some local pain, and possibly minor wound problems.

HSPC #91-10-442

Date of expiration
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I have been told that interleukin-2 administration may be associated with the following

side-effects - tiredness, fever, chills, sweats, nausea, vomiting, shortness of breath, nasal

congestion, confusion, seizures, low blood pressure, low urine output, heart attack, arthritis,

vision changes, low blood counts, muscle pains, knee tenderness, infection, flu-like symptoms,

unknown side-effects and death. Most of these side-effects are reversible within 24-48 hrs

following discontinuation of IL-2 and are partially minimized by certain medications.

I have been told that interferonaA (IFNaA) administration may be associated with the

following side-effects: flu-like symptoms, fever, chills, fatigue, muscle pain, headache, loss of

appetite, nausea, vomiting, diarrhea, dizziness, rash, itchy skin, weight loss, partial hair loss,

decreased mental alertness, visual disturbances, worsening of heart condition, such as high blood

pressure, chest pain, irregular heart beat and death. Most are reversible and partially minimized

by certain medications. IFNaA is approved by the FDA for hairy cell leukemia and renal cell

carcinoma.

I have been told that TIL and/or PBL administration may be associated with side-effects

consisting of fever, chills, and some shortness of breath. Based on past experience, these are

expected to last only a few hours.

I have been told that the risks of placing catheters for intravenous infusions include

infection, bleeding, collapsed lung and clotting of blood vessel.

Drawing of blood by vein may be associated with the complications of swelling, pain,

bruising, fainting, and rarely inflammation or infection. Blood draws will be performed twice

weekly (20 ml, 1/12 cup).

If l am of child-bearing potential, I will not participate in this research protocol unless,

with the investigator’s knowledge and approval, I am employing a medically acceptable form of

birth control (contraception). This research may have unforeseeable risks to an embryo or fetus.

A pregnancy screening test will be performed at no cost to me and a negative result will be

required prior to the initiation of therapy.

5. Potential benefits : This experimental treatment will be expected, on the basis of past

experience, to cause partial or complete regression of tumor in some patients. I understand that

there may be no direct benefit to me from study participation, and there is a possibility my
condition mayjbecome worse.

6. Alternate procedures or treatment : This experimental clinical protocol is offered to me
because my^cancer is advanced and conventional methods of therapy - surgery, chemotherapy

and/or radiation therapy - have not proven beneficial.

HSPC #91-10-442

Date of expiration
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UNDERSTANDING OF PARTICIPANTS

7. I have been given an opportunity to ask any questions concerning the investigational

cancer treatment regimen involved and the investigator has been willing to reply to my
inquiries. This investigational drug regimen will be administered under the above

numbers, titled and described clinical research protocol at this institution. I hereby

authorize Dr. the attending physician/investigator and designated

associates to administer the investigational cancer treatment.

8. I have been told and understand that my particicpation in this clinical research study is

voluntary. I may decide not to participate, or withdraw my consent and discontinue my
participation at any time. Such action will be without prejudice and there shall be no

penalty or loss of benefits to which I may otherwise be entitled, and I will continue to

received treatment by my physician at this institution.

Should I decide not to participate or withdraw my consent from participation in this

clinical research, I have been advised that I should discuss the consequences or effects

of my decision with my physician.

In addition, I understand that the investigator may discontinue the clinical research study

if, in the sole opinion and discretion of the investigator, the study or treatment offers me
little or no future benefit, or the supply of medication ceases to be available or other

causes prevent continuation of the clinical research study. The investigator will notify

me should such circumstances arise and my physician will advise me about available

2treatments which may be of benefit at that time.

I will be informed of any new findings developed dining the course of this clinical

research study which may relate to my willingness to continue participation in the study.

9. I have been assured that confidentiality will be preserved except that qualified monitors

from the Food and Drug Administration may review my records where appropriate and

necessary. My name will not be revealed in any reports or publications resulting from

this study, without my expressed consent.

10. I have been informed that should I suffer any injury as a result of participation in this

research activity, reasonable medical facilities are available for treatment at this

institution. I understand, however, that I cannot expect to receive any financial

compensation from this institution for such injury.

HSPC #91-10-442
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11. I understand that I will not be charged for any procedure or test of an investigational

nature. The drugs and immune cells will also be provided free of charge. I understand

that I may discuss this and ask any questions regarding billing before I consent to

treatment.

12. I understand that cells obtained from my blood or tumor may be used to establish a cell

line which may be shared in the future with other researchers and which may be of

commercial value. A cell line is one which will grow indefinitely in the laboratory. Cell

lines may be useful because of the characteristics of the cells and/or products they may
produce.

13. The study and its procedures have been explained to me by .

I understand that if I have any questions, I may contact Dr. James Economou (310-825-

2644) or Dr. Arie Belldegrun (310-206-1434) in the Department of Surgery, UCLA
Medical Center. They will answer any questions at any time regarding any aspect of this

study. If the study design or the use of the information is to be changed, I will be so

informed and my consent will be reobtained.

14. I understand that the possible benefit of this study is the stimulation of the immune
response and potential shrinkage of my tumor. Although these treatments may be

helpful, these are experimental treatments and therefore it is not possible to determine the

likelihood of benefit at this time. I understand that my tumor may progress and my
condition may become worse in spite of receiving this experimental treatment.

I understand that if I am injured as a direct result of research procedures not done

primarily for my own benefit, I will receive medical treatment at no cost. The University

of California does not provide any other form of compensation for injury.

HSPC #91-10-442
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I understand that if I have further questions, comments, or concerns about the study or

the informed consent process, I may write or call the office of the Vice Chancellor-

Research Programs, 3134 Murphy Hall, UCLA, Los Angeles, CA 90024, (310) 825-

8714.

In signing this consent form, I acknowledge receiving a copy of the form as well as a

copy of the Subjects’ Bill of Rights.

Treatment, Test, Biopsy and Follow-up Schedule:

One month before treatment: removal of portion of tumor, draw blood (1/6 cup)

treatment weeks 1-4: receive TIL and PBL on day 1; IL-2 on M,T,W,Th,F by vein:

IFNaA on M, Th under skin; optional tumor biopsies on weeks

1,2,3; weekly blood draws (1/12 cup); weekly clinic visits.

treatment weeks 7-10,

13-16, 19-22 : receive IL-2 on M,T,W,Th,F by vein; IFNaA on M,Th under

skin; weekly blood draws, weekly clinic visits.

Date Signature of Patient

Time Signature of Witness

HSPC #91-10-442

Date of expiration
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UNIVERSITY OF CALIFORNIA, LOS ANGELES
CONSENT TO ACT AS A SUBJECT IN A RESEARCH PROTOCOL

TITLE: The Treatment of Patients with Metastatic Melanoma and Renal Cell Cancer using In

Vitro Expanded and Genetically-Engineered (Neomycin phosphotransferase) Bulk, CD8(+)
and/or CD4(+) Tumor Infiltrating Lymphocytes and or Bulk, CD8(+) and/or CD4(+)
Peripheral Blood Leukocytes in Combination with Recombinant Interleukin-2 alone or with

Recombinant Interleukin-2 and Recombinant Alpha Interferon.

INVESTIGATORS: James S. Economou, M.D.,Ph.D., Arie Belldegrun, M.D., Robert A.

Figlin, M.D., E. Carmack Holmes, M.D., Edwin Jacobs, M.D., Donald Kohn, M.D., Sidney

Golub, Ph.D., Hungyi Shau, Ph.D., William H. McBride, Ph.D.,Sc.D., Jean de Kemion,

M.D., Robert C. Moen, M.D.,Ph.D.

PATIENT TITLE: GENETIC MARKING OF TIL AND PBL

You have the right to know about the procedures that are to be used in your participation in

clinical research so as to afford you an opportunity to make die decision whether or not to

undergo the procedure after knowing the risks and hazards involved. This disclosure is not

meant to frighten or alarm you; it is simply an effort to make you better informed so you may
give or withhold your consent to participate in clinical research. This informed consent does not

supersede other informed consents you may have signed.

2. Purpose of study : I understand that this is an experimental research study with the following

purpose: To genetically mark tumor-infiltrating lymphocytes (TIL) and peripheral blood

lymphocytes (PBL) in order to permit their detection after infusion into my body.

1 .

Participant’s Name UCLA ID Number

DESCRIPTION QE RESEARCH

HSPC #91-10-442

Date of expiration
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3. Description of research protocol
: J have made the decision to undergo treatment with

immune lymphocytes. It is not known whether treatment with immune lymphocytes obtained

from tumors (TIL) have different properties than immune lymphocytes obtained directly from

blood (PBL).

To answer this question, I have been told that TIL and PBL will be genetically marked. This

genetic marking is performed by mixing TIL and PBL with a specially engineered mouse virus

which cannot cause an infection in the body. I have been told that this virus marks cells with

a bacterial gene that makes it possible to find these cells after administration tojne. Two
different mouse virus markers will be used - LNL6 and GINa - so that TIL and PBL can be

compared.

During treatment, biopsies of tumor and adjacent skin, fat, muscles and blood draws (lOcc, 1/24

cup) may be requested of me one or more times. I may refuse these purely investigational

procedures at any time without prejudice.

4. RISKS, SIDE EFFECTS AND DISCOMFORTS TO PARTICIPANTS:

I have been told that extensive study of this virus marking procedure has been undertaken in mice

and monkeys. This virus and another like it are currently being studied at other institutions. I

have been informed that no adverse effects have been observed in all of these studies because the

virus is modified so that it cannot cause an infection in the cells of the body. It only marks a

small number of cells. Risks, however, which may not yet have been observed, are possible.

I know that these are "theoretical risks" since they have not yet been observed. It is possible that

the virus could change the cells which are marked so as to grow in an abnormal pattern, and

even cause cancer or leukemia. This risk is much lower than damage to the cells by

chemotherapy and irradiation. The marker might also produce a protein which might inactivate

certain antibiotics but alternative antibiotics are available so that this does not constitute a risk

or threat for patients during therapy.

I know that this clinical research may involve unforeseeable problems during treatment. To help

prevent injury to unborn children, upon recommendation by the physician, I will practice

adequate methods of birth control throughout the period of your my in this clinical research

study.

3. POTENTIAL BENEFITS: I understand that the use of the marked cells to identify the fate

of TIL and PBL after administration may be of benefit to patients on future protocols, but this

research will not be of immediate benefit to me or others currently entering this trial. I clearly

understand that there is no direct benefit to me from study participation of genetic marking of

my cells, and there is the possibility that my condition may become worse. The major benefit

is to patients in the future.

HSPC #91-10-442
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6. ALTERNATE PROCEDURES OR TREATMENTS: My participation in this marking study

is totally optional and the treatment on TIL/PBL protocols may be carried out whether or not I

participate in the marking study. I may decline to have marking, but still have the TIL/PBL
treatment.

UNDERSTANDING OF PARTICIPANTS

7. I have been given an opportunity to ask any questions concerning the investigational regimen

involved and the investigator has willingly replied to my inquiries. This investigational treatment

program will be administered under the above numbered, titled and described clinical research

protocol at this institution. I hereby authorize Dr. , the attending

physician/investigator and designated associates to administer this investigational treatment

program.

8. I have been told and understand that my participation is voluntary. I may decide not to

participate, or withdraw my consent and discontinue my participation at any time. Such action

will be without prejudice and there shall be no penalty or loss of benefits to which I may
otherwise be entitled, and I will continue to receive treatment by my physician at this institution.

Should I decide not to participate or withdraw my consent from participation in this clinical

research, I have been advised that I should discuss the consequences or effects of my decision

with my physician.

In addition, I understand that the investigator may discontinue the clinical researching study if,

in the sole opinion and discretion of the investigator, the study or treatment offers me little or

no future benefit, or the supply of medication ceases to be available or other causes prevent

continuation of the clinical research study. The investigator will notify me should such

circumstances arise and my physician will advise me about available treatment which may be of

benefit at that time.

I will be informed of any new findings developed during the course of this clinical research

study, which may relate to my willingness to continue participation in the study.

9. I have been assured that confidentiality will be preserved except that qualified monitors from

the Food and Drug Administration may review my records where appropriate and necessary.

My name will not be revealed in any reports or publications resulting from this study, without

my expressed consent.

HSPC #91-10-442
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10. I have been informed that should I suffer any injury as a result of participation in this

research activity, reasonable medical facilities are available at this institution. 1 understand,

however, that I cannot expect to receive any financial compensation from this institution for such

injury.

1 1 . 1 understand that I will not be charged for any procedure or test of an investigational nature.

The drugs and immune cells will also be provided free of charge. The specially engineered

mouse viruses will be provided at no charge by Genetic Therapy, Inc. of Gaithersberg, MD.
I understand that I may discuss this and ask any questions regarding billing before I consent to

treatment.

12. 1 understand that cells obtained from my blood or tumor may be used to establish a cell line

which may be shared in the future with other researchers and which may be of commercial value.

A cell line is one which will grow indefinitely in the laboratory. Cell lines may be useful

because of the characteristics of the cells and/or products they may produce.

13. The study and its procedures have been explained to me by . I

understand that if 1 have any questions, I may contact Dr. James Economou (310-825-2644) or

Dr. Arie Belldegrun (310-206-1434) in the Department of Surgery, UCLA Medical Center.

They will answer any questions at any time regarding any aspect of this study. If the study

design or the use of the information is to be changed, I will be so informed and my consent will

be reobtained.

14. 1 understand that the possible benefit of this study is the stimulation of the immune response

and potential shrinkage of my tumor. Although these treatments may be helpful, these are

experimental treatments and therefore it is not possible to determine the likelihood of benefit at

this time. I understand that my tumor may progress and my condition may become worse in

spite of receiving this experimental treatment.

i

I understand that if I am injured as a direct result of research procedures not done primarily for

my own benefit I will receive medical treatment at no cost. The University of California does

not provide any other form of compensation for injury.

HSPC #91-10-442
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I understand that if I have further questions, comments, or concerns about the study or the

informed consent process, I may write or call the office of the Vice Chancellor-Research

Programs, 3134 Murphy Hall, UCLA, Los Angeles, CA 90024, (310) 825-8714.

In signing this consent form, I acknowledge receiving a copy of the form as well as a copy of

the Subjects’ Bill of Rights.

Date Signature of Patient

Time Signature of Witness

HSPC #91-10-442

Date of expiration
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APPENDIX C

ABSTRACT OF PROTOCOL

Melanoma and renal cell cancer patients with advanced cancer who have failed standard

therapy will receive treatment with tumor infiltrating lymphocytes (TIL), Peripheral Blood

Lymphocytes (PBL), and cytokines. TIL cells will either consist of a bulk population or TIL
cells that have been enriched either for the CD4 or CD8 marker. The effector cells will be

exposed to retroviral vector containing supernatant for the purpose of marking a portion of the

effector cells. Each patient will be infused with two populations of effector cells, each

population marked with a different retroviral vector. The marked cells can be detected by the

presence of the gene inserted by the retroviral vector. At various times after administration of

the TIL to the patient, samples of blood, lymph nodes, and tumor will be obtained and tested

for the presence of marked cells. The gene marked cells will be used to evaluate the survival

and trafficking of the infused cells. The information obtained will determine if TIL exhibit

unique properties different from circulating T cells that enable them to selectively traffic to

tumor deposits.
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APPENDIX D

NONTECHNICAL ABSTRACT OF PROTOCOL

Many patients have advanced cancer that has not responded to standard therapies. For

these patients, TIL (tumor infiltrating lymphocyte) therapy offers a new treatment method which

has shown some encouraging results. In this therapy, a part of the patient’s cancer is removed

and taken to the laboratory. In the laboratory the tumor portion is processed in a way to

encourage the growth of white cells, called lymphocytes, which are found in (had infiltrated) the

tumor. These tumor infiltrating lymphocytes are grown to large numbers with interleukin-2 (

a lymphocyte growth factor). These TIL are given back into the patient through a blood vein.

These TIL are given with compounds, interleukin-2 and in certain cases also alpha interferon,

which can increase the patient’s own anti-cancer immune reaction as well as the TIL cell

response to the cancer cells.

TIL therapy has been shown to be effective in a fraction of patients receiving this

therapy. At this time it is not known why some patients get a favorable response with TIL

therapy and some patients do not. In order to further understand TIL therapy, it is important

to be able to follow the TIL cells after they are given back to the patient. This way it will be

possible to determine if the length of time the TIL cells live in the patient or the ability of the

TIL to "home" or return to the tumor is related to the response the patient experiences. Since

the TIL are from the patient, there is no way to distinguish them from the other cells of the

patient. In order to tell the difference between the TIL cells from the patient’s other cells, a

means to mark or identify the TIL cells is necessary. In other clinical tests with TIL it has been

shown that the TIL can be marked. This marking involves putting a new gene into TIL cells

by a technique called retroviral-mediated gene transfer. These marked TIL can therefore be

detected by modem scientific techniques and distinguished from the patient’s other cells.

This study differs from other similar studies in that a second population of cells will also

be infused into the patient along with the TIL. White cells obtained from blood (Peripheral

Blood Lymphocytes, PBL) will be grown up in the laboratory in a manner similar to TIL cells.

These cells will be marked with a second (and different) marker. These cells will then be given

back along with the TIL cells. By using the second marker it will be possible to determine if

TIL cells are better than PBL cells in their ability to home to the tumor.

This study also differs from other similar studies in that the TIL cells from some patients

will be separated into two types of cells, CD4 and CD8. These subfractions of the TIL will be

studied like the unfractionated TIL for their ability to home better than PBL cells. Additional

studies will compare CD4 and CD8 TIL cells directly for their homing ability.

The addition of the markers into a portion of the cells will provide no immediate benefit

for the patient. It would provide useful information about the therapy itself. This information

may enable the design of better treatment plans to help future patients. The risks associated with

the gene marking procedure are felt to be small. The opportunity to learn more about TIL

therapy so that future patients may be helped is the reason for using gene marked cells.
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3.0 Introduction

3.1 Overall status of treatment of ovarian cancer

There are approximately 19,000 new cases of and 12,000 deaths from ovarian

cancer each year (1). Mortality from ovarian cancer accounts for 6% of cancer deaths

in females, and approximately 50% of gynecological malignancies (1). Ovarian

cancer is staged into four catogories: Stage 1 - growth limited to ovaries,

Stage II - growth involving one or more ovaries with pelvic extension, Stage III - tumor

extending outside the pelvis and/or retroperitoneal or inguinal node involvement, and

Stage IV - distant metastasis outside the peritoneal cavity. The first three stages can

be divided into three substages of more progressive disease (a-b-c).

Patient survival can be evaluated based on the stage of the disease at

diagnosis. Higher stage disease correlates with a worse prognosis. Treatment of

ovarian cancer is based on the stage of the disease. Higher stage disease is treated

with a more aggressive course of chemotherapy. Stage I disease can be treated with

either surgery or surgery and chemotherapy. Stage II, III, and IV patients are initially

surgically debulked of tumor before receiving chemotherapy and/or radiation therapy.

The treatment is based on the ability to surgically remove the tumor and the location of

the remaining tumor. The ckug of choice to treat ovarian tumors is cisplatin. Patients in

may be treated with intraperitoneal chemotherapy. Therefore, the technology allowing

the insertion of fluid into the peritoneal cavity for treatment of ovarian cancer is

established (1).

Ovarian cancer patient survival is: Stage 1 - 80-100%, Stage II to Stage Ilia -

30-40%, Stage II lb - 20%, and Stage II Ic to IV - 5-10%. Ovarian cancer patient

prognosis can also be estimated by either: 1) size of largest tumor lesion at the time

of diagnosis, or 2) diameter of the largest remaining metastatic lesion after surgical

reduction. Patients presenting with a >10 cm tumor mass exhibited a 0% three year

survival and a 9 month mean survival (2). Patients with a >1.5 cm tumor mass post-

surgical reduction exhibited a 0% three year survival with a 6 month mean survival (2)

In addition, patients who relapse only have a 10-20% response to second line therapy

which has not been shown to prolong patient survival (3).

The CA 125 marker has been useful in determining microscopic disease

recurrence if the patient presented with a positive titer which decreased with treatment

CA 125 is a cell surface glycoprotein found on ovarian tumor cells. In a patient with

ovarian cancer, a CA 125 titer of >35 lU/ml is almost always associated with disease

A negative titer is a poor indicator for lack of disease (4). The rising or falling of the CA

125 titer can be used to follow the success or failure of treatment. Thus, persistently

elevated titers during treatment usually indicates treatment failure (4).
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3.2 Progress in the investigation of vaccines for active-specific

immunotherapy.

The clinical trials of vaccines for active-specific immunotherapy have had some
success with three types of malignancy; renal carcinoma, colon carcinoma, and

malignant melanoma. The methodologic requirements for cancer vaccines have

gradually been worked out in animal models in the last 15 years. Many clinical trials in

this field were initiated before this information was available, or did not adhere to the

methodologic requirements that had been found in the animal studies. As a

consequence, there are several clinical investigations of active immunotherapy failed

due to study design or preparation of the tumor vaccine. These studies may have

failed due to one of the following factors; (A) The tumor cells should be preserved in a

viable form in those vaccines where whole tumor cells are used. (B) Each procedure

toward a subcellular product must be carefully evaluated as the immunogenicity can

be easily destroyed. (C) The cryopreservation procedure for strong tumor cells for a

later use in the vaccine must be carefully evaluated and shown not to destroy the

immunogenicity of the vaccine. (D) The use of an adjuvant is essential, but the

adjuvant must be given at a predetermined optimal concentration. Tumor cell

vaccines are considered to be weakly antigenic and the use of an effective adjuvant is

critical to success, but selection of the wrong dose can negate the adjuvant’s role. (E)

The dose of tumor cells or quantity of antigenic material is a critical factor and when an

inadequate dose is given, the immunologic effect will be lost. (F) The animal studies

had predicted that the use of the patient’s own tumor cells (autologous) would have

the highest likelihood of success, while allogenic cells were often unsatisfactory.

However, the use of allogeneic cell lines would have great practical advantages of

standardization, availability, and ease of vaccine preparation.

Allogeneic approaches have begun to show promise in the treatment of malignant

melanoma where some regressions of metastatic disease have been observed (5, 6)

and preliminary but non-randomized studies for early melanoma have shown promise

(7, 8).

One of us (C.M.) has been conducting trials on the concept of active-specific

immunotherapy for metastatic kidney carcinomas using autologous tumor cells and C.

parvum as an adjuvant. The vaccine was administered weekly for six weeks, 3 of 14

patients underwent objective regressions in the initial study (9), and 5 of 20 patients

responded in a second trial (10). Several of the responding patients had remissions

lasting from 2-5 years and some remain in remission. Skin testing was included by

using autologous tumor cells for a portion of these renal carcinoma patients; the

rationale was that if immunity to tumor cell membrane antigens is achieved, there

should also be delayed cutaneous hypersensitivity on skin testing with those same
tumor cells as had been observed in animal tumor models. Below are two figures

summarizing our experiments with this group of renal carcinoma patients (11). In

figure 1, the skin testing results shown for 18 patients who were tested prior to and

following the treatment protocol. Eight of the eighteen patients became skin test

positive patients, three had objective partial responses and the fourth had a minor
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response followed by 47+ months of stable disease. Of the 10 skin test negative

patients, none had a clinical response.

ls_j

A survival outcome for skin test positive versus negative patients is shown in Figure

2. All the skin test negative patients had expired by 22 months while 4/8 skin test

positive patients were alive at greater than 32 months. The survival times of these two

groups differs with p = 0.03, by the generalized Wilcoxon (Breslow) test.

Clinical investigators have had some success with vaccines for advanced

malignant melanoma. Berd, Maguire, and Mastrangelo (12) used autologous

melanoma tumor cells for their vaccine with BCG as the adjuvant and have reported

responses in melanoma patients in the 16-20% range with some responses being

complete remissions which were long-lasting. Mitchell and associates (5) have been

evaluating an allogeneic vaccine derived from two cultured melanoma lines and then

prepared as a subcellular lysate. As an adjuvant they employed the agent Detox.

They have observed responses in 20-30% of the patients in the Phase I and Phase II

studies. Morton and associates have used a 3-line allogeneic melanoma vaccine and

have obtained responses in 19% of their patients (6).

In colon cancer, Hanna and Hoover (13, 14) have conducted a prospective

randomized study comparing surgical treatment only versus surgery followed by a

vaccine of autologous tumor cells with BCG as the adjuvant. The survival outcome in

these patients favored those receiving the vaccine at an early point when only 20

patients had been entered in each arm. The full study with about 75 patients

participating continues to demonstrate a significant recurrence-free survival and

overall survival for those patients treated with vaccines following surgery.

The study by Hanna and Hoover indicates the potential of the specific

immunotherapy approach for the treatment of cancer. In order to attain a broader

application for the treatment of cancer, we will need to move towards the use of a more
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standardized vaccine such as can be achieved with allogeneic cell lines. Both the

clinical experience by Mitchell (5) in melanoma and the animal studies employing

allogeneic lines (15, 16) indicate that the use of allogeneic vaccines would be

possible if there is sufficient diversity in the vaccines to represent a broad spectrum of

antigens that can contribute to the immunogenicity of the vaccines.

3.3 Gene transfer clinical studies

"Gene Transfer and Therapy" protocols have been approved for human trials

in the past few years (17). The initial Gene Transfer study was a gene marking study

by Rosenberg and colleagues to mark tumor infiltrating lymphocytes (TIL) in vitro with

the neoR gene. These marked TIL were injected back into the patient in order to

determine the in vivo fate of these cells. This was accomplished by using the

polymerase chain reaction (PCR) technique to analyze cells isolated from the patient

over time. These cultured TIL frequently demonstrate in vitro cytotoxicity to the tumor

from which the cells were isolated and, cause necrosis of tumor deposits when
injected into the patient (18). While melanoma patients have had up to a 10%
complete response, the lack of significant response in the majority of treated patients

has raised questions about the fate of infused TIL. Studies to determine cell survival

have been limited by the instability of the radionucleotide used to label TIL. To avoid

this limitation TIL cells were permanently marked with the LNL-6 retroviral vector,

which contains the neomycin resistance gene as a marker (17). TIL transduced in

vitro with the LNL-6 retroviral vector have been infused into patients and,

subsequently, polymerase chain reaction (PCR) was used to detect the neoR DNA
sequence within a tissues (17). Retrovirally marked cells from 4 of 5 evaluable

patients could be reisolated and grown in culture in the presence of G418, the

neomycin analog toxic to mammalian cells. Using PCR, neoR TIL could be

consistently detected in the circulation for three to eight weeks post-infusion. The

neo^ DNA could be detected by PCR in biopsies of patient tumor deposits for up to 64

days (17).

There have been two gene therapy protocols approved (19, 20). One protocol

by Blaese and colleagues has genetically altered lymphocytes from adenosine

deaminase deficiency patients. They have inserted the gene for adenosine

deaminase (ADA), the defective gene in this disease, into these patients’ lymphocytes

The transduced cells are g-own to large numbers and then infused into the patient.

The hope is that these cells with a normal ADA gene will also function normally and

cure the immunodeficiency found in these patients. The second gene therapy protocol

also involves the use of TIL. Clinical studies using recombinant TNF to infuse into

patients have been unsuccessful possibly due to the toxic side effects of TNF.

TNF producing TIL may be a more effective method to deliver the TNF to the tumor

deposits. The TIL are genetically modified with a gene encoding the tumor necrosis

factor (TNF) protein. These TNF producing TIL when in|ected into the patient may
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migrate to the tumor, thus theoretically producing high local TNF levels while

potentially avoiding the systemic side effects.

In addition, recently three human gene transfer protocols are being reviewed

which serve to mark tumor cells in the bone marrow of patients undergoing autologous

bone marrow transplantation (ABMT) (21). They will attempt to determine the role of

these tumor cells on cancer relapse in these patients after ABMT. These protocols are

the first to propose using retroviral stock on cells which will be immediately removed
from the viral stock and injected into a patient, rather than first monitoring the cells in

vitro for adverse side effects (i.e.
,
replication competent virus production or tumor

formation due to an oncogenic event). However, assays to detect replication

competent virus will allow this procedure to be performed safely since these assays

can detect replication competent virus in the viral stock.

The ability to transfer genes to non-transformed cells has become possible

over the past decade. The most common method for gene transfer into non-

transformed cells is by retroviral-mediated methods (22). Retroviral vectors, most

commonly generated from the Moloney murine leukemia virus (M-MuLV), will

efficiently transduce, stably insert into, and generate high levels of recombinant protein

in host cells (23). The receptor for murine leukemia viruses is ubiquitous in

mammalian species. A number of potential hazards exist when using the M-MuLV
retroviral vector. First, the M-MuLV wild type retrovirus is a leukemia virus in some
murine species. It can cause leukemia, in part, through protooncogene activation in

the infected cell by the retroviral long terminal repeat (LTR). Second, though retroviral

vectors are “crippled” retroviruses and thus are replication incompetent, they possess

the ability to recombine with retroviruses within a packaging cell line to form a

replication competent virus.

Though the M-MuLV retroviral vector still possesses its LTR, the frequency with

which oncogenesis occurs in the transduced cells appears to be very low. The
overwhelming majority of reported experiments performed over the past decade with

retroviral vectors demonstrate no association with transformed cells. These studies

include experiments in murine, dog, monkey, and sheep models to name a few.

However, we describe below an association of retroviral vectors with transformed cells,

which appears to be low in frequency.

The ability of retroviral vectors to undergo recombination events to produce

replication competent virus can be detected by sensitive assays which have been

established over the past decade. These assays are termed S
+
/L' and Helper Rescue

Assay (24). If a recombination event occurs, it will almost always occur in the producer

cell. The producer cell line contains both a helper virus and the retroviral vector. The

producer cell line generates the viral particles used for transduction. Therefore, the

producer cell line can be continually monitored for the appearance of replication

competent virus. Cells transduced with replication incompetent viral stock, as
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measured by the above assays, are very unlikely to generate replication competent

virus themselves. However, as described in this protocol below, these transduced

cells can also be monitored for a few weeks after transduction, a period sufficient to

detect replication competent virus by the above assays. Thus monitoring transduced

cells for a few weeks in vitro before injection into a patient will greatly reduce the risk

of generating replication competent virus. This proposal will be designed such that the

transduced ovarian tumor cells will be monitored for at least four weeks post-

transduction before these cells are injected into a patient.

3.4 Predinical studies

In vitro and in vivo studies

Tumor cells expressing the HSV-TK gene are killed in vitro and in vivo by the

drug ganciclovir. HSV-TK expressing tumor cells can affect nearby HSV-TK negative

tumor cells when exposed to GCV. The ability to kill tumor cells in vivo may affect

preexisting tumor cells in two ways: 1) transfer of the HSV-TK phenotype from the

HSV-TK positive cells to the HSV-TK negative cells, thus rendering the HSV-TK cells

susceptible to ganciclovir therapy and 2) generation of host immunity against the

killed tumor cells. The studies presented in this section will address both issues, with

the main focus being on the former.

Initial studies analyzed the ability of HSV-TK transduced tumor cells to respond

to ganciclovir (GCV) in vitro. A murine fibroblast cell line. NIH 3T3, was transduced

with either the STK or uTK, a neo^ and HSV-TK containing retorviral vectors (25).

These transduced cells were selected in G418, a neomycin analog toxic to

mammalian cells. A control population of NIH 3T3 cells was transduced with the LNL

retroviral vector( provided by Dr. A.D. Miller), a neo^ containing retroviral vector, and

selected in G418. . The cells were then placed in varying concentrations of GCV for 10-

14 days at which time live cells (colonies) were counted. Cells expressing the herpes

simplex thymidine kinase gene (HSV-TK) are susceptible to the ckug ganciclovir

(GCV). GCV is a nucleotide analog which is phosphorylated by HSV-TK with a 2-3

log efficiency as compared to the cellular thymidine kinase. The phosphorylated

compound can then be di- and triphosphorylated by cellular enzymes. The
triphosphate form of GCV is toxic to the cell by either functioning as a DNA polymerase

inhibitor or a DNA chain terminator or both. There is no obvious variation between the

ability of GCV to kill either the STK or uTK transduced cells, while control cells were

not affected by GCV (figure 3).

We next transduced a murine fibrosarcoma cell line, kbalb, with the STK, uTK, and

LNL retroviral vector. Almost all HSV-TK positive cells were killed by >0.5 uM GCV,

while the untransduced or LNL transduced kbalb cells were virtually unaffected at

GCV concentrations of 50 uM (figure 4). The most colonies which could be counted on

a plate is 150. Therefore, confluent plates which contain too many colonies to count

will be scored as 150 colonies. These studies were repeated with human tumor cell

lines, SK-N-SH and HCT (neuroblastoma and colon carcinoma), with the same results
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(figures 5 and 6). Of note is the approximately 1% GCV resistant colonies in some
instances observed at high GCV concentrations. The significance of these cells will be

discussed below.
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In addition, two ovarian carcinoma cell lines, SKOV-3 and PA-1, were transduced with

the STK retroviral vector and exposed to varying concentrations of ganciclovir. Figures

7 and 8 demonstrate a similar cell toxicity as is seen in experiments above.

[GCV]
[GCV]
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We next studied the time kinetics of cell kill of TK positive cells by ganciclovir.

Using either 10 uM or 1 uM GCV, the approximate peak and trough levels achieved in

vivo, respectively, kbalb-STK cells were exposed over varying time periods to these

GCV concentrations. We demonstrated that exposure of kbalb-STK cells to 10 uM
GCV for only three hours resulted in almost 100% killing of the cell population (figure

9).
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Initial observations described above demonstrated that some STK transduced cells

were resistant to GCV therapy in vitro. It was surprising to find that an HSV-TK (TK)

positive cell population could be eradicated in vivo even if enough cells were

inoculated to assure adequate numbers of GCV resistant tumor cells to form a tumor.

The ability to kill TK positive tumor cells in vivo was r.^xt addressed. The kbalb-

STK and control LNL transduced kbalb cells (figure 10), 2 x 10®, as well as three other

murine tumors (SA-1 (figure 11), MC 207, and MC 205) were inoculated

subcutaneously into syngeneic mice. Mice were treated with ganciclovir (150

mg/kg/dose x 5-10 doses) beginning on day 0 or day 5 relative to time of tumor

inoculation. Some animals received kbalb-STK or kbalb-LNL cells without GCV
therapy. Mice which received STK transduced tumor cells and GCV therapy rejected

their tumors, while the control groups did not.

10
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Studies on the possible mechanism for the affect of TK positive cells on TK
negative cells were begun by analyzing the mechanism of cell death when TK positive

cells are exposed to GCV. Cells die by two mechanisms, necrosis and apoptosis.

Necrotic cell death is characterized by cell swelling, cell membrane disintegration, and i

nuclear flocculation. Apoptotic cell death is characterized by cell shrinkage, vesicle

formation, and chromatin condensation. Cells dying by apoptosis break up into

vesicles which can be phagocytized by nearby cells. Tumor cells have the ability to

phagocytize apoptotic vesicles. TK negative cells may be affected by TK positive cells

due to the ability of TK negative cells to phagocytize toxic metabolites contained in TK
positive apoptotic vesicles. Plates 1 and 2 show light microscopy of normal and TK
positive cells exposed GCV. The TK positive cells show the characteristic signs of

apoptosis: cell shrinkage, vesicle formation, and chromatin condensation.

We next analyzed the effects of TK positive cells on TK negative cells in vivo. Using

the kbalb tumor model, mice were inoculated with varying ratios of kbalb tumor cells

which were transduced with either the STK or LNL retroviral vector. Mice received 2 x

10^ tumor cells subcutaneously on day 0 and were treated with GCV on day o when
tumor diameter was approximately 2 mm (150 mg/kg I.P., b i d., x 10 doses). Groups of

mice receiving either 50%, 90% or 100% kbalb-STK cells demonstrated tumor

regression (figure 15). These studies were repeated with two other tumor lines, 205

and 207. In these experiments untransduced tumor cells were mixed with STK
transduced tumor cells in varying ratios of 0%, 1%, 10%, 50%, 90% and 100% 205-

STK or 207- STK. All animals in groups receiving 50% or more STK transduced cells

demonstrated tumor regression. However, some animals receiving 10% STK
transduced cells developed tumors as did all animals in groups receiving 1% or 0%
STK transduced cells (figure 16).
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The ability of immunodeficient mice to reject STK transduced cells was also studied.

Nude and non-lethally irradiated mice were inoculated subcutaneously with 205-STK
or 207-STK tumor cells at varying ratios as described above and treated with GCV.
The immunodeficient mice did not reject tumor even when 100% of the tumor cells

contained the HSV-TK gene (figure 17 and 18). Therefore, there appears to be

possibly two mechanisms involved in the killing effect of TK positive cells on TK
negative cells.

17 18

Non-lethally Irradiated Nude

% STK * Mice % Rejection % STK * Mice % Reiect

100 4 25 100 4 25

50 4 0 50 3 0

0 3 0 0 3 0

The effect of kbalb TK positive tumor cells on TK negative cells was analyzed using

an intraperitoneal tumor model. Previous experiments demonstrated that in a

relatively confined space, subcutaneously, as few as 50% TK positive cells within a

tumor could cause regression of the tumor. Varying ratios of kbalb tumor cells (2x1

0

5
)

transduced with either the STK or LNL retroviral vector were injected I.P. into Balb/c
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mice. Mice were treated with GCV (150 mg/kg I.P, b.i.d., x 5 doses) five days post

tumor inoculation. Survival studies were then performed. Groups of mice receiving

either 50% or 100% STK transduced tumor cells contained mice which exhibited long

term survival (> 70 days), Groups 5 and 4 respectively (figure 19). Control mice,

receiving kbalb-LNL cells +/- GCV or kbalb-STK without GCV did not exhibit long term

survival (Groups 1, 2, and 3). Groups receiving 1% or 10% STK transduced cells

contained no long term survivors but had a trend towards surviving longer than the

controls (data not shown). Therefore, the ability of TK positive tumor cells to affect TK
negative tumor cells can be demonstrated in a large enclosed body cavity.

We next analyzed whether TK positive tumor cells could affect a preexisting tumor.

The kbalb tumor model was used to address this question. Mice were inoculated I.P.

with 2 x 10 5 kbalb-LNL (except Group 1 which received kbalb-STK) tumor cells on day

0. Group 1 and 2 received no further treatment. Group 3 received GCV therapy

beginning on day 5. Group 4 received 1x1

0

6 kbalb-STK cells and Group 5 received

1 x 107 kbalb-STK cells on day 5 and GCV beginning on day 9. Group 6 mice

received 1 x 106 kbalb-STK cells on day 1 and GCV therapy beginning on day 5. As
shown in figures 20 and 21, mice in Groups 4, 5, and 6 had prolonged survival as

compared to control groups (Groups 1,2, and 3). Group 6 mice had a mean survival of

approximately 31 days as compared to 18 days for Group 3 ( p < 0.05).

The above experiment which demonstrated the effect of kbalb-STK transduced

tumor cells on preexisting tumor was repeated using other tumor lines. On day 0 mice

were inoculated with EMT 6.8 tumor cells (murine mammary tumor) alone (Group 1) or

[584]
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received on day 1 kbalb-STK cells. Both groups received GCV on day 5 for 5 doses

(figure 22). Another experiment used the SKOV-3 tumor cell line as the day 1

inoculum. Mice injected on day 0 with kbalb-LNL tumor cells either received no further

cells or 2 x 106 SKOV-3 (Group 1) or 2 x 106 SKOV-3-STK tumor cells on day 1 with

GCV therapy beginning on day 4 for 7 doses (Group 2)(figure 23). Group 2 was the

only group of mice with a preexisting tumor burden to have long term survivors in any

experiment. It also appears that injection of xenogeneic tumor cells does not affect

tumor growth of a preexisting murine tumor.

22

The ability of GCV to kill irradiated HSV-TK expressing tumor cells was analyzed.

The kbalb-LNL or kbalb-STK tumor cells were exposed to 3,000 rads and then

cultured in vitro. The cells were exposed to 50 uM GCV at varying times post-

irradiation ranging from no GCV (Group C) to GCV added on day 0, day 2, day 4, or

day 6 post irradiation (Group 0, 2, 4, and 6 respectively). The irradiated kblab-LNL

tumor cells exposed to GCV continued to remain metabolically active as evidenced by

their ability to remain attached to a tissue culture dish up to 28 days post irradiation
(

the left column of Table I represents the days on which the irradiated cells were

observed for metabolically active cells). The attached cells were qualitatively scored;

++++ indicates approximately 90-100% of the plate is covered by cells, +++ indicates

50-90% of the dish is covered, ++ indicates 10-50% of the dish is covered, + indicates

<10% of the dish covered with cells, and - indicates <1% covered with cells. We
determined that GCV had virtually no affect on irradiated TK negative cells. Irradiated

TK positive cells exposed to GCV on day 0 died within a week, while cells exposed to

GCV after day 0 died after approximately one month (Table I).
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Irradiated PA-1 cells were assayed for their ability to prolong animal survival in mice

with preexisting tumor burden. PA-1 cells were transduced with the STK retroviral

vector. The same experimental design was used as with the HCT-STK cells described

in figure 26. Figure 27 demonstrates that PA-1-STK cells will also prolong the survival

of mice with a preexisting kbalb intraperitoneal tumor. Figure 28 shows the results of a

a combination of results obtained in figure 26 and 27 and a repeat experiment using

PA- 1-STK cells.

27

Immunization studies

28

A future goal of this protocol is for the patient to be immunized against their ovarian

tumor. This may be possible in two ways, ,-irst, the killing effect of TK positive cells on

TK negative cells may generate an immune response to the patient’s own ovarian

carcinoma. Second, one of us (C M.) is studying the use of adjuvants on the ability to

vaccinate colon carcinoma patients to their tumor by using an allogeneic tumor cell

vaccine in conjunction with IL-1 beta. Therefore, in the future, adjuvants may be a

possible method added to this protocol to increase the ability of the dying irradiated TK
positive tumor cells to also function as a vaccine.

To study the effect of killing STK transduced cells in vivo mice were subcutaneously
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In vitro mixing experiments were set up using irradiated TK positive cells (HCT-

STK, human colon carcinoma) and non-irradiated TK negative cells (kbalb-LNL).

Cells were plated at varying ratios of irradiated TK positive to TK negative cells with a

total of 2 x 106 cells plated in a 100mm culture dish and GCV (50 uM) was
immediately added. The results approximate those seen in the above experiments

using non-irradiate TK positive tumor cells. When the TK positive cells made up as

few as 10% of the cells virtually all the irradiated HCT-STK and non-irradiated kbalb-

LNL cells were killed by GCV, while irradiated HCT tumor cells had no effect on the

kbalb-LNL cells (figure 24).

24
kbalb-LNL + HCT(irrad)

kbalb-LNL + HCT-STK(irrad.)
1000 -i

% STK

We next determined the affect of irradiated murine and human tumors on mice with

preexisting murine (kbalb) tumor. Mice received 2 x 105 kbalb-LNL tumor cells on day

0 and 5 x 106 kbalb-LNL or kbalb-STK cells on day 1 and day 2. GCV therapy was
begun on day 3 (7 doses). Figure 25 shows results which demonstrate that injection of

irradiated kbalb-STK cells approximate those seen using non-irradiated kbalb-STK

cells. The mean survival was 19 days for the controls and 38 days for the mice

receiving TK positive cells (p <0.05). We also repeated the experiment by using the

HCT colon carcinoma cell line. 2 x 105 kbalb-LNL cells were injected on day 0 and 2

x 1 07 HCT or HCT-STK cells were injected on day 2 followed by 7 doses of GCV
beginning 12 hours later. We demonstrated long term survival (> 70 days) in

approximately 25% (figure 26).
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combined controls. Five of eight experimental mice demonstrated no tumor growth at

21 days post challenge, though one animal subsequently developed a tumor. One of

eight animal's tumor challenge grew slower than the controls, while two experimental

mice grew tumors at similar rates as the controls. Table II shows the results of both the

kbalb and 205 tumor models expressed as a percentage of tumor rejection after

rechallenge of mice which had rejected a TK positive tumor with approximately 50% of

the mice rejecting tumor rechallenges.

29

Table II

Tumor Total Reject. % Reject.

kbalb 8 mice 4 mice 50

205 28 mice 13 mice 44

IL-1 studies in vitro indicate that this molecule is critical in the process of antigen

activation of T cells. The activated T cells can then produce the spectrum of regulatory

cytokines which lead to antibody production and cellular immunity. It appears then that

IL-1 is a cytokine which acts early in the cascade of events leading to an immune
response, and it is therefore attractive to explore the use of this cytokine in an adjuvant

role to enhance the immune response. It has been found that several adjuvants

function through production of IL-1. The agents lentinan (26), lipopolysaccharide (27),

aluminum hydroxide (28), Ru 41.740 (29) (extract of k. pneumoniae ), and tuftsin (13)
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have all been found to increase IL-1 production or are thought for other reasons to

function by means of IL-1.

Early studies of IL-1 by Staruch and Wood (31) demonstrated an increase in the

antibody response to bovine serum albumin in mice from 4-fold to 30-fold above the

use of BSA alone. A single intraperitoneal injection could achieve this effect.

We have investigated the potential adjuvant function of IL-1 in a murine lung cancer

tumor system (32) which uses a weakly immunogenic tumor cell vaccine of line 1

tumor. We evaluated human IL-1 alpha, recombinant human IL-1 beta, and the

peptide fragment 163-171 of IL-1 beta. All were tested in combination with a vaccine

of irradiated tumor cells. All three types of IL-1 molecules were capable of improving

the vaccine’s effectiveness. The benefit of IL-1 was both dose dependent and duration

dependent (the number of daily doses given). IL-1 functioned as a systemic adjuvant;

that is, it was effective even when administered at a site distant from the vaccine. It

was required that the IL-1 be administered during the 10 day period following the

vaccine rather than being given at some point later. In this tumor model, mice

receiving vaccine alone were only 0-20% tumor-free at the conclusion of the

experiments. When eight daily doses of IL-1 were given along with the vaccine, 70-

100% of the mice became tumor-free. An illustrative experiment from this work is

shown in Table III. Both doses of IL-1 beta were highly effective as adjuvants given

with the vaccine. These animals were weighed at the beginning and at the end of the

8 day period of treatment with IL-1. The higher dose of IL-1 effected weight gain,

probably by virtue of the anorexia known to occur with high doses of IL-1 (33).

However, the lower dose of IL-1 was well tolerated without an effect on weight gain

and continued to be highly effective.

6roup Vaccine
1

2 3X10 5
TC

3 3X10 5
TC

4 3X10 5 TC

The Adjuvant Effect of Il-lg

Hean Survival
Il-llfnq) /Days i S.E.l

4

14.90 t 1.02

17.00 1 0.97

120 dl-8 33.80 1 3.66 b

360 dl-8 40.00 ± 0.00 b

Tumor Free/
Total (XV
0/10 ( 0 )

0/10 (0)

7/10 ( 70

)

c

10/10 (100 )
d

4
Statistical comparisons with group 2 are indicated.

b
p < .001 c

p « .001,
d

p < .0004
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Safety

To address safety issues three areas were evaluated; 1) retroviral insertional

oncogenesis, 2) in vitro studies
,
and 3) safety studies based on experience from the

human clinical trials.

Retroviral In Vivo Studies

The following experimental data does not relate to the STK retroviral vector, it does

relate to the effects of retroviral transduction on oncogenesis and therefore will be

presented in this context. Studies were undertaken to analyze the effects of in vivo

passage on retrovirally transduced cells. Rat skin fibroblasts were isolated from a

Fischer 344 rat and expanded in tissue culture. The non-immortalized cell line was
designated PRSF and transduced with the pG2N retroviral vector. This vector is an N2
based vector with an LTR (long terminal repeat) promoted growth hormone cDNA and

a SV40 promoted neomycin resistance gene (neoR). The transduced PRSF cells

were selected in G418 for 14 days and subsequently single clones were isolated. One

clone, C2, producing approximately 600 ng/106 cells/ 24° was isolated. The C2
population of cells was used for implantation into hypophysectomized Fischer 344

rats. Alginate, a mucopolysaccharide, was used to encapsulate the C2 cells prior to

implantation and the cell alginate mixture was implanted intraperitoneally (I.P.). We
had previously demonstrated that encapsulated cells survived and secreted growth

hormone for up to two weeks in tissue culture. Nineteen days post-implantation at a

time when serum growth hormone levels were undetectable, one rat was sacrificed

and the I.P contents, consisting of a slurry mixture, were isolated and grown in tissue

culture in the presence of G418. Two cell populations were isolated as distinguished

by morphology as depicted in figure 26. Plate A shows the original pre-implantation

C2 cells as compared to plate B, which was one isolated cell population (7078)

exhibiting normal morphology, and plate C, a second population (7078T) which was
spindly in appearance and grows in low serum (figure 30). The C2, 7078, and 7078T
cells were all G418 resistant and produced growth hormone at approximately 600

ng/106 cells/240 . The four cell populations
,
PRSF, C2, 7078, and 7078T, were plated

in soft agar to assay for transformation. Virtually no colonies formed in agar from any

of the cell populations except the 7078T cells, which had a plating efficiency of 2.8%

(figure 31). In addition, colony formation of the 7078T cells demonstrated a larger

colony size than the colonies formed by the non-transformed lines. These cell lines
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were also inoculated into nude mice with only the 7078T cells forming tumors.

Therefore, the morphology and ability to grow in low serum, as well as, anchorage

independent growth and tumor formation in nude mice indicates that the 7078T cell

line was transformed.

We next performed Southern blot analysis and showed that the pG2N retroviral

vector was present in the C2, 7078, and 7078T cell lines (figure 32). The clonality of

C2 and 7078 can also be demonstrated by Bgl II restriction enzyme digests, an

enzyme that digests within the retroviral vector, by the presence of a single identical

band in the C2 and 7078 cell lines. Finally, we can show not only the rearrangement

of the growth hormone gene in the 7078T cells but also the rearrangement the c-myc

oncogene (figure 33). Since the G2N retroviral vector did not insert near the c-myc

oncogene, it may be possible that the G2N vector produces a trans activating factor

which effected the c-myc oncogene. This represent the first reported association of a

retroviral vector and a transformed cell.

33
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in Vitro Studies

We have obtained preliminary data in a mammary cell line that the NGW retroviral

vector can transform these cells in vitro
, as determined by anchorage independent

growth. The NGW retroviral vector contains traditionally non-oncogemc genes (g-owth

hormone and neo^) and promoters. We are currently investigating whether the genes

contained within the retroviral vector or the viral LTR's are responsible for the

transformation process.

Non-Human Primate and Human Safety Studies

A non-human primate model was established by Cornetta et al (34) to analyze the

affect of amphotropic retrovirus on monkeys. Five normal or immunosuppressed
monkeys were inoculated with amphotropic viral stock to determine adverse effects of

amphotropic virus in monkeys. In addition, some monkeys also received virus

producing fibroblasts. Some immunosuppressed monkeys became viremic for

approximately three weeks, but subsequently recovered with no repeat episodes of

viremia or adverse effects.

To date, approximately one dozen patients have received genetically engineered

cells with no adverse effects (17, 19, and 20). The initial studies by Rosenberg et al.

injected genetically marked TIL cells into cancer patients. These cells were

transduced with replication incompetent viral stock. The viral stock was monitored for

the presence of replication competent virus, a by product of a recombination event, by

the sensitive S+/L- assay or helper rescue assay. In addition, once transduced, the TIL

cells were grown in vitro for almost a month and tested for replication competent virus

in the event that a replication competent viral particle went ur detected in the viral

stock. Growing the cells in culture for a few weeks prior to reinfusion also allows the

opportunity to analyze the cells for an oncogenic event produced by the insertion of

the retroviral vector near a protoncogene. The next two human gene transfer clinical

protocols followed similar procedures.

Recently, clinical protocols have been submitted which transduce and infuse bone

mamow cells into a patient within a few days of the transduction process (21). These

protocols which for technical reasoas cannot monitor the transduced cells for

replication competent virus or an oncogenic event before reinjection are still

considered safe since the viral stock is tested by the above described sensitive

techniques In addition, the frequency of oncogenesis using murine retroviral vectors

is very low. These factors are considered before an approval of the protocol in the

context of the risk-benefit to the cancer patient. In the advanced cancer patients used

in the last studies, the inability to monitor transduced cells long term before reinfusion

was deemed an acceptable risk.

Our protocol also uses advanced cancer patients, but we will be able to monitor the
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transduced cells at least four weeks post transduction to assay for the presence of

replication competent virus before reinfusion of the cells into the patients. In addition,

we plan to irradiate the cells prior to injection and thus will not assay for oncogenic

events.

Murine Safety Studies

The kbalb-STK and PA-1 STK cell lines are being tested for safety by inoculation

into Balb/c mice. The kbalb-STK (Group I) cell was irradiated and then 2 x 107 tumor

cells were inoculated I.P.. Mice have been observed for 30 days with no evidence of

adverse effects. The PA-1 STK cell line was irradiated and 2 x 107 cells were

inoculated I.P (Group II). These mice received ganciclovir therapy. This procedure

has been repeated a second time in the mice, three weeks after the first injection, with

no evidence of adverse effects 30 days post initiation of therapy (Table III).

Table III

Group # of mice RX Davs Adverse Effects

1 20 1H

1

30 -

II 10 GCV 30

4.0

Objectives of the Study

4.1 To evaluate the safety and side effects of treatment with a Gene-

Modified Ovarian Cancer Vaccine which is administered

intraperitoneally and activated with ganciclovir.

4.2 To determine a maximum cell number of the vaccine which can safely

be administered intraperitoneally.

4.3 To evaluate the immunologic response to this vaccine program.

4.4 To observe for clinical effects on the residual ovarian cancer.
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5.0

Patient Selection

5.1 A diagnosis of epithelial ovarian carcinoma must be established

histologically.

5.2 Patients may initially have been Stage I, II, or III. Stage IV patients

initially or at present are not eligible.

5.3 Patients must have completed the initial surgery and/or chemotherapy

and have been off treatment for at least 6 weeks. Previous

chemotherapy must have included cisplatin or carboplatin containing

regimens.

5.4 Patients must have clinical evidence of recurrent, progressive or

residual disease by imaging, physical examination, surgery, or

successive elevation of the CA 125 marker. If possible, persistence or

progression should be documented by histology/cytology. If CA 125 is

used as evidence of residual disease, then the level must be greater than

35 lU/ml and increasing on two successive determinations, greater than

1 month apart, and the patient must not have had a laporotomy within the

preceding 3 months.

5.5 The patients performance status must be 0 or 1 by ECOG standards.

5.6 Any tumor masses found by imaging must be 2.0 cm or less to be eligible

for this study.

5.7 Adequate bone marrow, kidney and liver function must be shown by:

Hct > 30, WBC > 4,000, platelets > 100,000, creatinine <1.5 mg%,
Creat. Cl > 50, normal bilirubin, SGOT and alkaline phosphatase

< 1 .5 x normal.

5.8 Patients must not have a significant history of heart disease (frequent

angina, Ml within the past 6 mos., congestive heart failure requiring

daily treatment).

5.9 A patient is not eligible if there :

s a history of a previous malignancy,

other than squamous or basal cell carcinoma of the skin. Patients with

childbearing potential are not eligible.

6.0 Study Design

This is a phase I study to determine the toxicity and safety of administering HSV-

TK modified ovarian tumor cells I.P with subsequent ganciclovir therapy. The

[
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maximum tolerated dose (MTD) (up to 1 x 10^ cells per dose) of genetically

modified tumor cells will be determined. If the MTD has not been determined by

four groups of patients, an additional group could be added at an appropriately

higher dose. Four patients will initially receive 3 x 10^ HSV-
TK positive tumor cells I.P on day 0. Approximately twenty-four hours

after the I.P. infusion the patient will be started on a seven day course of

ganciclovir. Two weeks after the termination of ganciclovir therapy the patient

will be reevaluated in terms of side effects from treatment and disease state. If

no adverse toxicity occurred from the previous I.P. tumor injection and

ganciclovir therapy and there appears to be no evidence of progressing tumor

which would require chemotherapy, then the patient will

be eligible for the next dose. This schedule will continue for doses of 1 x 10®, 3

x 10s for Group 1. If no adverse side effects warranting the stoppage of therapy

are reported in Group 1 then Group 2 patients will at one dose level higher as

shown in sec. 8.2 and this pattern will continue through the 4 groups. If a

patient has to drop out of the study for reasons other than toxicity, then another

patient may be added to the group and will begin therapy at the lowest dose for

that group. By entering patients at each dose level, we shall attempt to address

the question of the maximum tolerated dose (MTD).

7.0

Patient Registration

Patients may enter this study by completing a consent form. Their eligibility will

be confirmed by the data manager at the University of Rochester Cancer

Center. Patient’s will be assigned to Groups by the data manager. Participation

or non- participation in this clinical study will not affect other therapy for which

the patient is eligible.

8.0

Treatment Plan

8.1 The patent’s will be admitted to the hospital for the first eight days of each

cycle. The vaccine is given on day 1 and ganciclovir on days 2-8. The

treatment is repeated at 3 week intervals for a total of 3 cycles of

treatment. At the completion of treatment, patients will be followed

regularly until their is progression of disease.

8.2 Vaccine and administration. Patients will be assigned in order of

entrance on study to one of the four treatment schedules below. The

dose escalates with each treatment unless any toxicity of grade II or

higher level has occurred (Appendix B). For Grade II toxicity (except for

neutropenia or thrombocytopenia) the dose is repeated but physician
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discretion could lower the dose if overall toxicity is of concern. For

Grade III or IV toxicity, the dose is lowered one level.

Patients first dose second dose third dose

1-4 3 x 107 1 x 108 3 x 108

5-8 1 x 108 3 x 108 1 x 109

9-12 3 x 108 1 x 109 3 x 109

13-16 1 X 109 3 x 1

0

9
1 X 1

0

1 0

The vaccine is prepared in 1000 cc of normal saline and administered

through a small intraperitoneal catheter which is inserted

on the day of treatment and removed after the 1 hour infusion. Catheter

placement and diffusion of fluid will be checked by a technitian flow study

prior to the vaccine.

8.3 Vaccine side effects. Irradiated tumor cells have been administered as

vaccines at intradermal sites in previous studies. At intradermal sites, the

local side effects are usually only a transient non-tender bump and even

this side effect is largely determined by the adjuvant used rather than the

tumor cells. The side effects from intraperitoneal vaccine administration

are unknown. The ganciclovir activation of the tumoricidal effect could

lead to some local inflammatory response which may be a beneficial

antitumor effect. However, whether symptoms will occur is unknown. For

this reason the study is designed with an escalating dose plan, the

patients will be hospitalized and monitored daily for side effects.

8.4 Ganciclovir is a nucleoside analog. It’s an FDA approved drug for the

treatment of cytomegalovirus infection. It is excreted by the kidney and a

creatinine clearance is a required pretreatment test. Granulocytopenia

and thrombocytopenia are common side effects during the 2 to 3 week
course for CMV infections. We will only be giving a 7 day course but mild

cytopenias can be expected. Pain and phlebitis at the site of

administration may occur. Anemia, fever, rash, and abnormal liver

enzymes have also been reported.

Reconstitution and administration. It is supplied as a sterile powder and

is reconstituted with sterile water. It is not compatible with bacteriostatic

water. For IV administration it is prepared in 100 cc of normal saline or
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5% Dextrose and water and infused over one hour.

Dosage and adjustments. The standard dose is 5 mg/kg b.i.d. when

patients have a creatinine clearance > 80. If the CrCL is 50-79, the dose

is 2.5 mg/kg b.i.d.. Daily CBC and platelet counts will be obtained during

treatment. The drug should be stopped if the absolute granulocyte count

falls below 750 or the platelets are less than 50,000.

8.5 Grading of side effects and toxicity will be determined by the NCI

“Common toxicity criteria” (Appendix B).

8.6 To document the patient reported incidence and severity of side effects

from treatment, each patient will be asked to complete a self-care diary.

Each diary lists 23 possible side effects and includes space for patients

to write in additional side effects. Patients also rate the efficacy of self-

care activities in alleviating treatment side effects. In addition patients

are asked to give an overall rating of how upsetting and disrupting are

the side effects. The diary takes approximately 15 minutes to complete.

The diary has been shown to have adequate variance and is acceptable

to patients (24). It is currently being used with patients receiving

traditional chemotherapy as well as inpatients receiving IL-2. The diary

will be completed daily for the 7 day hospital stay for each treatment and

at 1 week and 2 weeks following discharge.

8.7 Retrovirallv transduced PA-1 cells. PA-1 cells will be monitored

before vaccine freezing for the presence of replication competent murine

retrovirus using the helper rescue assay. In addition, at the time of

freezing an aliquot of cells will be taken from the batch and grown in

culture for at least two additional months and then assayed for the

presence of replication competent virus.

9.0 Measurement of Effects

9.1 Pretreatment immunologic evaluation. Active specific immunotherapy

treatments are dependent upon an intact immune system in the host in

order to respond to the vaccine. Patients with an impaired immune status

due to advanced cancer, nutritional deficiency, or immunosuppressive

agents are less likely to respond. The eligibility criteria help to avoid this

problem but in addition the status of each patient’s immune system will

be evaluated as below. Participation is not dependent on the outcome of

these tests, but they will be used in analyzing the immunologic and

clinical parameters.
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Recall skin tests. This tests immune responsiveness to challenge with

antigens which virtually all individuals have been exposed to previously:

Candida albicans, streptokinase/streptodornase, and mumps.
9.2

Immune response directed at autologous tumor cells. The preclinical

work suggests that the intraperitoneal vaccine procedure will achieve a

systemic immunity. We will evaluate this aspect of the response in two

ways.

Autologous tumor cell skin tests. Prior to treatment and subsequent to

each vaccine administration, the patients will be challenged with 106

radiated autologous tumor cells (if available) given as an intradermal

injection. The tissue will have been obtained from the patient’s initial

surgical resection. We have previously used this skin testing in studies

with renal carcinoma. The procedure is described in Appendix A.

Lymphocyte cytotoxic assay. Using the patient’s lymphocytes as effector

cells and autologous tumor cells as targets, we will determine if a

population of cytotoxic lymphocytes is produced by the immunizing

procedure. The methods are described in Appendix C.

9.3

Immune responses directed at MHC antigens on the allogeneic ovarian

tumor cells of the vaccine. It may be difficult to detect immune responses

directed at autologous tumor antigens (sec. 9.2). However, responses to

the MHC antigens should definitely occur and be measurable. Although

this is a Phase I study and the patient numbers are necessarily sm.„i, we
will be observing for T cell and B cell responses and comparing low

levels of vaccine cell dose with higher levels.

Cytotoxic assays. This will be performed concurrently with the

autologous tumor cell assay but t e target cell line will be the PA-1

used in the vaccine.

Anti-HLA antibodies. The HLA antigens exposed on the SK OV-3 line

will be determined through the tissue typing laboratory. Serum

specimens will be serially obtained from each patient to determine an

antibody titer directed at the HLA molecule.

9.4

The CA 125 marker level will be determined prior to beginning therapy

and prior to each vaccine cycle.
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9.5 Imaging studies will be obtained following the second treatment.

Another imaging study will be performed following completion of the

treatment.

9.6 Laporatomv or laporoscopy. A laporoscopy or laporotomy (presence of

adhesions) will be performed within 45 days of beginning this study to

document the presence and size of tumor. Following treatment,

measurement of the response will be documented by laporoscopy or

laporotomy.

10.0 Administrative Aspects

All institutional, National Cancer Institute, State, and Federal regulations

regarding informed consent and peer judgment will be fulfilled. See attached

consent form.

Recombinant DNA Research, Volume 15 [599]



in

Publications

1. Cancer Treatment , eds. Haskell C.M., W.B. Saunders Company (Philadelphia), p. 295,

1990.

2. Berek, J.S., Hacker, N.F. Practical Gynecologic Oncology. Baltimore, Williams &
Wilkins, p. 342, 1989.

3. Thigpen, J.T. Ovarian Cancer. Boston, Martinux Nijhoft, p. 115, 3985.

Berek, J.S. Obstet. Gynecol. 67:685, 1988.

Mitchell, M.S., Kan-Mitchell, J., Kempf, R.A., Harel, W., Shau, H., Lind, S. Active specific

immunotherapy for melanoma: Phase I trial of allogeneic lysates and a novel adjuvant.

Cancer Res. 48:5883-5893, 1988.

6. Morton, D., Nizze, A., Foshag, L., Hoon, D., Famatiga, E., Gupta, R., Irie, R. Proc. Am.
Asso. Con. Res. 31:281, 1990.

7. Wallack, M.K., Bash, J.A., Leftheriotis, E., Seigler, H., Bland, K., Wanebo, H., Balch, C.,

Bartolucci, A.A. Positive relationship of clinical and serologic responses to vaccinia

melanoma oncolysate. Arch. Surg. 122:1460-1463, 1987.

8. Bystryn, J.-C., Oratz, R., Harris, M.N., Roses, D.F., Golomb, F.M., Speyer, J.L.

Immunogenicity of a polyvalent melanoma antigen vaccine in humans. Cancer 61 :1065-

1070, 1988.

9. McCune, C. S., Schapira, D.V., Henshaw, E.C. Specific immunotherapy of advanced
renal carcinoma: evidence for the polyclonality of metastases. Cancer, 47:1984-1987,

1981.

10. Sahasrabudhe, D.M., deKernion, J.B., Pontes, J.E., Ryan, D.M., O’Donnell, R.W., Marquis,

D.M., Mudholkar, G.S., McCune, C.S. Specific immunotherapy with suppressor function

inhibition for metastatic renal cell carcinoma. J. Biol. Resp. Mod., 5:581-594, 1986.

11. McCune, C., O'Donnell, R., Marquis, D., and Sahasrabudhe, D. Renal cell carcinoma

treated by vaccines for active specific immunotherapy: Correlation of survival with skin

testing by autologous tumor cells. In Press.

12. Berd, D., Maguire, H.C., Mastrangelo, M.J. Induction of cell-mediated immunity to

autologous melanoma cells and regression of metastases after treatment with a

melanoma cell vaccine preceded by cyclophosphamide. Cancer Res. 46:2572-2577,

1986.

13. Hoover, H.C., Surdyke, M., Dangel, R.B., Peters, L.C., Hanna, M.G. Delayed cutaneous

hypersensitivity to autologous tumor cells in colorectal cancer patients immunized with

an autologous tumor cell: Bacillus Calmette-Guerin vaccine. Cancer Res. 44:1671-1676,

1984.

14. Hoover, H.C., Surdyke, M.G., Dangel, R.B., Peters, L.C., Hanna, M.G. Prospectively

randomized trial of adjuvant active-specific immunotherapy for human colorectal cancer.

Cancer 55:1236-1243, 1985.

15. Ollson, L., Ebbessen P. Natural polyclonality of spontaneous AKR leukemia an its

consequences for so-called specific immunotherapy. J. Natl. Cancer Inst. 62:623-627,

1979.

16. Economou, G., Takeichi, N., Boone, C.W. Common tumor rejection antigens in

methylcholanthrene-induced squamous cell carcinomas of mice detected by tumor

protection and radioisotopic footpad assay. Cancer Res. 37:37-41, 1977.

17. Rosenberg, S.A., Abersold, P., Cornetta, K., Kasid, A., Morgan, R., Moen, R., et al. Gene
transfer into humans - Immunotherapy of patients with advanced carcinoma.

[600] Recombinant DNA Research, Volume 15



18. Rosenberg, S.A., Lotze, M.T., Yang, J.C., Aebersold, P.M., Unehan, W.M., Seipp, C.A.,

White, D.E. Experience with the use of high dose IL*2 in the treatment of 652 cancer

patients. Annals of Surgery 210:474-87, 1989.

19. Federal Register, vol. 55, No. T77, p. 37567, Sept. 12, 1990.

20. Federal Register, vol. 55, No. 177, p. 37566, Sept. 12, 1990.

21. Federal Register, (in press).

22. Joyner, A., Keller, G., Phillips, R.A., Bernstein, A. Retrovirus transfer of a bacterial gene

into mouse hematopoietic progenitor cells. Nature 305:556-8, 1983.

23. Eglitis, M.A., Kantoff, P., Gilboa, E., Anderson, W.F. Gene expression in mice after high

efficiency retroviral mediated gene transfer. Science 230:1395-8, 1985.

24. Aaronson, S.A., Bassin, R.H., Weaver, C. Comparison of the murine sarcoma viruses

in non-producer and S+/L-transformed cells. J. Virol. 9:701-4, 1972.

25. Moolten, F., Wells, J.M. Curability of tumor bearing herpes simplex virus thymidine

kinase genes transferred by retroviral vectors. 82:297-300, 1990.

26. Fruehauf, J.P., Bonnard, G.D., Herberman, R.B. The effect of lentinan on production of

interleukin-1 by human monocytes. Immunopharm. 5:65-74, 1982.

27. Kido, N., Nakashima, I., Kato, N. Correlation between strong adjuvanticity of Klebsiella

03 lipopolysaccharide and its ability to induce interleukin-1 secretion. Cell. Immunol.

85:477-486, 1984.

28. Mannhalter, J.W., Neychev, H.O., Zlabinger, G.J., Ahmad, R., Eibl, M.M. Modulation of

the human immune response by the non-toxic and non-pyrogenic adjuvant aluminum
hydroxide: effect on antigen uptake and antigen presentation. Clin. Exp. Immunol.

61:143-151, 1985.

29. Wood, C.D., Moller, G. Influence of RU 41.740, a glycoprotein extract from Klebsiella

pneumoniae , on the murine system. II. RU 41.740 facilitates the response to Con A in

otherwise unresponsive T-enriched cells. J. Immunol. 135:131-136, 1985.

30. Dagan, S., Tzehoval, E. t
Fridkin, M., Feldman, M. Tuftsin and tuftsin conjugates

potentiate immunogenic processes: effects and possible mechanisms. J. Biol. Resp.

Mod. 6:625-636, 1987.

31. Staruch, M.J., Wood, D.D. The adjuvanticity of interleukin 1 in vivo . J. Immunol.

130:2191-2194, 1983.

32. McCune, C., Marquis, D. Interleukin-1 as an adjuvant for active specific immunotherapy
in a murine tumor model. Cancer Res. 50:1212-1215, 1990.

33. Hellerstein, M.K., Meydani, S.N., Meydani, M., Wu, K., Dinarello, C.A. lnrerleukin-1

induced anorexia in the rat. J. Clin. Invest. 84:228-235, 1989.

34. Cornetta, K., Moen, R.C., Culver, K., Morgan, R.A., McLachlin, J.R., Sturm, S., Selegue,

J., London, W., Blaese, R.M., Anderson, W.F. Amphotrophic murine leukemia retrovirus

is not an acute pathogen for primates. Human Gene Therapy 1:15-30, 1990.

Recombinant DNA Research, Volume 15 [601]



UNIVERSITY OF CANCER CENTER

ROCHESTER MEDICAL ONCOLOGY DIVISION

MEDICAL CENTER
URCC 289 1M : The Treatment of Ovarian Cancer With Gene-Modified Cancer Cells: A

Phase I Study

CONSENT FORM

PURPOSE OF THE STUDY

This research study is intended for patients who have ovarian cancer, who have been

treated for this cancer by surgery, chemotherapy, and possibly radiotherapy, and

have been found to have disease remaining for which cure is virtually impossible by

any current standard or conventional forms of treatment. This research study
focuses on one possible new form of treatment. The investigational treatment in

this study involves:

1. The use of a proposed cancer treatment featuring a new--l aboratory-created—
genetic structure. The proposed treatment consists of ovarian cancer cells
taken from an unrelated patient in which we have placed a new gene that has

been cut out of the Herpes Simplex Virus. The presence of this gene in the
cancer cells should make it easy to kill these cells and perhaps kill your
cancer cells, with an antiviral drug called Ganciclovir. The proposed gene-
modified cancer cell agent is administered by injection into your abdominal
cavity. This agent also contains a bacterial gene which will help us locate
where the treated cells go in this part of your body.

2. The drug, Ganciclovir, is given for 7 days following the gene-modified cells.
Experimentally, it was found in animals that by injecting these cells into
the abdominal cavity and killing the cells with Ganciclovir, both pre-
existing cancer cells present in the abdomen and the gene-modified cells
could be killed by this treatment procedure.

The purpose of this study is to see if your ovarian cancer cells can be killed in

this manner, to learn what dose is safe and has acceptable side effects, and to
evaluate your body’s disease fighting response (called the immune response) to the
gene-modified cells.

DESCRIPTION OF PROCEDURES

Prior to treatment and during treatment, blood tests and skin tests will be

performed to evaluate your response to the treatment and to look for any harmful
effects. Approximately 6 tablespoons of blood will be drawn on each occasion. Four
different types of skin tests are given. These skin tests are antigens or proteins
which your body’s defense system (immune system) can recognize as foreign. These
tests will enable the physicians to monitor your immune system.

1. Common antigens: Candida, streptokinase/streptodornase, and mumps are

injected in the skin (given 4 times),

601 Elmwood Avenue, Box 704

Rochester, New York 14642
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2. Cells from your tumor (called autologous tumor cells) are killed and injected

in the skin (given 4 times),

3. Cells from the ovarian cancer used in your treatment are killed and injected

in the skin (given 4 times),

4. two types of control tumor cells (a kidney cancer line and another ovarian

cancer line) are killed and injected in the skin (given 4 times).

Gene-modified cells : one purpose of this study is to determine an acceptable dose

of the treatment. You will receive the treatment 3 times. There will be at least

four groups of patients. Each group will begin with a different starting or initial

dose of the gene-modified cells. You will be assigned to one of the 4 starting

doses. After the first treatment, the dose is raised three fold for the second

treatment, and then another three fold higher for the third treatment. The gene-

modified cells are prepared in the laboratories of the University of Rochester
Cancer Center. The gene-modified cells are radiated to kill the cancer and prevent

any future growth. It is given by placing a catheter through the abdominal wall

into the abdominal cavity. The gene-modified cells are given in 1000 cc (1 liter -

slightly more than 1 quart) of fluid through this catheter, over 30-60 minutes.

Then the catheter is withdrawn. If you have a surgically-placed permanent catheter,

this will be used.

Ganciclovir : Approximately 30 hours after the treatment with the gene-modified
cells, the first dose of this drug is given by intravenous infusion over 1 hour.

The drug is then given in this same manner every 12 hours for a total of 7 days.

Patients are hospitalized to receive the gene-modified cells and Ganciclovir, for an

8 day period. The tests and treatment are repeated at 3 week intervals for a total

of 3 treatments.

RISKS AND DISCOMFORTS

Cancer treatments often have side effects. The treatment in this program may cause
all, some or none of the side effects listed. In addition there is always the risk
of unknown side effects occurring.

Skin Tests are for the purpose of evaluating the effects of the treatment. There
may be swelling, redness, and slight tenderness for 2-3 days following these tests.
Some of these tests contain a small amount of human serum, which could conceivably
transmit infections such as hepatitis or AIDS. This has never occurred to our
knowledge. The human serum is tested by the producer in a manner approved by the
Food and Drug Administration in order to minimize the likelihood of a transmitted
infection.

The gene-modified ovarian cancer cells were prepared by using a virus to transfer
the new gene into the cancer cells. The virus used is defective and does not grow
or multiply; however, we cannot completely eliminate the possibility of
circumstances that might result in virus growth in which case there would be a small
danger of the virus causing cancer or an infection. When the gene-modified cells
are given into the abdomen and the cells are killed by the Ganciclovir, symptoms
such as abdominal pain, cramping, or diarrhea could occur, or other unforseen side
effects, since there is no previous experience with this treatment in humans.
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Ganciclovir can cause pain or inflammation at the site of intravenous
§

administration. It can cause a lowering of the white blood cells or of the blood
platelets (often referred to as blood counts) creating a risk of infections or f

bleeding, but this risk is small, and the blood counts recover when the drug is
1

discontinued or transfusions may be given to offset this risk. w

Laparoscopy-1 aparotomv - to determine the extent of your disease and for the ability h
to follow the course of this therapy. We will examine the inside of your abdominal Jy
cavity. This will be done by making a small incision in your abdomen and placing a

o

small telescope into your abdomen. In the event that the telescope cannot be placed ic

into the cavity due to scar tissue from previous treatments, a larger incision will

be made so that your abdomen can be directly viewed. This procedure will be
| §

performed at least twice, no later than 45 days before and after the beginning of

therapy. The main risk to this procedure is infection. There is an unlikely
i

possibility of death due to anesthesia.
t

BENEFITS

r

It is not possible to predict whether or not any personal benefit will result from
3

my participation in this treatment program. Should the disease become worse, should
r

side effects become too severe, should new scientific developments occur that
indicate that the treatment is not in my best interest, or should I or my physician *

feel that this treatment is no longer in my best interest, the treatment will be

stopped. Further treatment would be discussed at that time.
I

ALTERNATIVES
j

Alternative treatments are mainly therapy with chemotherapy drugs. There is no .

clear evidence that such therapy would provide an increased chance of controlling
the disease. None of these alternatives is yet considered curative or standard
medical treatment. Some of them are under research just as is this gene-modified :

cancer treatment. An additional alternative is no therapy at all.

The doctors can provide detailed information about my disease and the benefits of
any available treatments. I should feel free to discuss my disease and prognosis
with my doctors and nurses. The physician involved in my care will be available to

answer any questions I have concerning this research program now, or at any time in

the future.

CONTACT PERSONS/COMPENSATION

In the event that physical injury occurs which the University determines to have
been a direct result of participating in this study, facilities for treatment of

injury will be provided. Compensation for non-negl igent injury is not available
from the Strong Memorial Hospital. For more information concerning the research,
research-related risks, or injury, I may contact my oncology physician or nurse at

(716) 275-4651 or 4652. For more information regarding patients’ rights in research
studies, please call the Cancer Center’s Social Work Clinical Coordinator at (716)
275-5908.
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VOLUNTARY PARTICIPATION

Participation in this study is totally voluntary. It has been explained to me that

I am free to withdraw my consent to participate in this research program at any time

without jeopardizing my future care at this institution. In the event that I

withdraw from this study, at any time for whatever reason, clinical data relevant to

this research will continue to be collected. This can include blood tests,

vaccination, non-invasive scans, and tumor samples isolated from other procedures

unrelated to this study. At any time, you may refuse the collection of any of these

clinical procedures.

CONFIDENTIALITY

A record of my progress while on this study will be kept in a confidential file at

the University of Rochester Cancer Center. The confidentiality of the record is

carefully guarded and no information by which I may be identified will be released
or published. I understand that my research records pertaining to this study may be

reviewed as required by representatives of the Food and Drug Administration (FDA)

and/or the National Cancer Institute (NCI). Pathology material may be submitted for

review by pathologists at the University of Rochester, FDA, or NCI.***************
I have read the contents of this consent form, asked questions, received answers
concerning areas I did not understand, and upon signing this form, give my consent
to participate in this program. I will receive a copy of this form, if I so desire.

Patient/Guardian (Print Name)

—
Signature Date

I

Auditor Witness - The contents of this consent form were verbally presented to the
patient/guardian, who had a copy of this form during the
presentation.

I.,',- .

Signature Date

Physician Investigator - I have verbally presented the consent form to the
patient/guardian, who had a copy of this form during the
presentation, and have answered questions completely.

Signature Date

Principal Investigators:

el b: 1/7/92

Scott Freeman, M.D., Cynthi
M.D., Craig S. McCune, M.D.

Angel, M.D., Martin Brower,

Susan Rosenthal
,
M.D.

i
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Scientific Abstract

Ovarian cancer accounts for approximately 12,000 deaths per year. Many patients

who die of this .disease have tumor which is confined to the peritoneal cavity. These

patients’ tumor cells are resistant to chemotherapy and radiation. New

biotechnologies have emerged over the past several years which may provide a novel

therapeutic modality for patients with ovarian cancer. We have designed a study that

uses an allogeneic genetically modified tumor cell line to inhibit or eradicate

preexisting in situ tumor cells. This will be accomplished by injecting the irradiated

genetically modified tumor cells into the peritoneal cavity of patients with subsequent

treatment with the drug ganciclovir.

Preclinical studies have demonstrated the utility of this approach. We have

demonstrated that tumor cells containing the herpes simplex thymidine kinsae gene

(TK) can be killed with the drug ganciclovir (GCV). When TK positive and TK negative

tumor cells are mixed in culture and exposed to ganciclovir, all cells can be eradicated

even if as few as 10% of the population is TK positive. Thus TK positive cells have a

killing effect on the TK negative cells. In vivo murine studies demonstrated similar

results. We showed that a mixture of TK positive and TK negative tumor cells injected

subcutaneously could be eradicated when the animals were treated with ganciclovir.

This study was extended to a murine model in which mice had preexisting

intraperitoneal tumor cells. We demonstrated that the injection of irradiated TK

positive cells with subsequent ganciclovir therapy could prolong animal survival. We

further demonstrated that the I.P. injection of irradiated TK positive human tumor cells

into mice with a preexisting tumor resulted in cure of approximately 20% of the mice.

We have designed a phase I study to begin to apply the above described preclinical

studies to patients with ovarian cancer Our studies primary objective is to evaluate the

safety and side effects of treatment of ovarian cancer patients with an allogeneic gene-

modified cancer vaccine which is administered intraperitoneally and activated by

ganciclovir.
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Non-technical Abstract

Some ovarian cancer patients are incurable. All patients who die from this disease

have been treated with standard forms of chemotherapy and radiation. The patients

tumor cells have become resistant to <frug and radiation therapy. We plan to

genetically modify tumor cells from unrelated ovarian cancer patients, which have

been adapted to cell culture, to increase the tumor’s susceptibility to one form of

chemotherapy. In addition, we plan to injected these tumor cells with increased

sensitivity to chemotherapy into the patients’ existing tumor in order to transfer the

susceptibility to chemotherapy to the patients’ tumor cells which cannot be genetically

modified in tissue culture.

The gene for herpes simplex virus thymidine kinase (TK) will be inserted into the

unrelated ovarian tumor cells to increase their susceptibility to the <frug ganciclovir.

We have demonstrated that tumor cells containing the HSV-TK gene will be killed by

the drug ganciclovir both in tissue culture and in mice. In addition, we have shown that

TK containig irradiated tumor cells can transfer the susceptibility to ganciclovir to

nearby unmodified TK negaktive tumor cells. Thus, we plan to inject irradiated TK

positive ovarian tumor cells into the tumor containing abdomen of ovarian cancer

patients in relapse (with no cure). The TK tumor cells will then be treated with

ganciclovir to activate the TK positive tumor cells such that both the TK positive and TK

negative tumor dies.
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2. Introduction

This clinical protocol proposes to examine the safety and potential antiviral efficacy of transferring

genetically modified HIV-specific CD8 +
cytotoxic T lymphocytes (Tc) as additional antiviral therapy with

AZT to HTV seropositive patients undergoing allogeneic bone marrow transplant for malignant lymphoma.

The CD8 + Tc clones will be modified by retrovirus mediated gene transfer to contain a marker/suicide gene,

which will facilitate analysis of the in vivo persistence of transferred T cells and provide a potential means of

ablating T cells if toxicity occurs.

3. Background and Rationale

Infection with human immunodeficiency virus (HIV) produces a cellular immunodeficiency eventually

resulting in AIDS [1,2]. Approximately one to two million people in the United States are believed to be

infected with HIV, and it is estimated that between 25 and 65 percent of infected individuals will develop

AIDS within seven years of primary infection [3,4]. The development of clinical AIDS carries a dismal

prognosis with a median survival of twelve to twenty-four months following diagnosis without antiretroviral

therapy [5,6],

Therapeutic efforts for patients with AIDS have centered on improved treatment of opportunistic

infections and the use of antiretroviral drugs targeting the viral reverse transcriptase to limit HIV spread.

Studies evaluating the efficacy of the antiviral agent azidothymidine (AZT) for patients with clinical AIDS or

the prodromic findings denoted as the AIDS-related complex (ARC) have demonstrated a modestly improved

survival, but treatment related hematopoietic toxicity, the in vivo selection of AZT resistant HIV variants and

the development of B cell lymphomas have emerged as significant obstacles [7-10]. The B cell lymphomas
developing in HIV seropositive individuals may arise in part due to the cellular immunodeficiency caused by

HIV infection [10-12], These lymphomas often respond to chemotherapy, but the overall prognosis is poor

with a median survival of less than one year. Allogeneic BMT is a potentially curative modality for non-HIV

infected individuals with B cell lymphoma [13] and may be of potential benefit for lymphoma patients

harboring HIV [14]. Moreover, it is conceptually possible that BMT could provide immunologic

reconstitution if host HIV infection could be prevented from spreading to donor derived hematopoietic cells,

thus potentially preventing or delaying the onset of AIDS.

A. Bone Marrow Transplantation for HIV Seropositive Individuals

Bone marrow transplant in the context of host HIV infection is based on the hypothesis that

Recombinant DNA Research, Volume 15 [611]



pretransplant conditioning to ablate the host immunohematopoietic system, which represents

the major reservoir of HIV, followed by BMT with concurrent administration of AZT or

other antiviral drugs, will reduce the HIV burden and provide the host with an effective

donor-derived immune system. Ablative pretransplant therapy appears necessary, since

treatment with AZT combined with infusion of syngeneic PBL and marrow provided only

transient improvement of immune function and did not eliminate viremia or prevent

progression of HIV-related disease [15]. Preliminary studies of BMT with pretransplant

ablative conditioning and AZT have provided some encouraging results. An HIV seropositive

patient transplanted for malignant lymphoma tolerated the conditioning regimen, and, although

recurrent lymphoma caused a fatal outcome on day 47, HIV could neither be detected in the

blood posttransplant nor in autopsy tissue by PCR for the HIV genome [14]. BMT in six

subsequent patients (three syngeneic and three allogeneic) similarly demonstrated successful

engraftment and acceptable posttransplant toxicity, but five of these six patients exhibited only

a transient reduction in viral burden and soon became positive for HIV by virus culture or

PCR (H.K. Holland, personal communication). These results demonstrated the feasibility of

administering AZT posttransplant and validated the concept that a large reservoir of HIV
infected cells can be ablated by BMT, but suggested the need to eradicate residual HIV
infected cells and/or prevent infection of donor hematopoietic cells posttransplant.

! .

B. Class I MHC-restricted CD8+ T. Immunity and HIV Progression

The importance of Class I MHC-restricted CD8 + Tc in controlling infection has not been as

well documented for HIV as for CMV or influenza virus for which there are small animal

models [16-19], but is supported by correlative data from HIV-infected patients. Prior to

developing AIDS, HIV seropositive patients commonly have Class I MHC-restricted CD8 + Tc

detectable in high frequency in peripheral blood, specific for numerous HIV proteins

including the products of the env, gag
,
pol, vif and nefgenes [20-26]. CD8 +

HIV-specific Tc

have been shown to inhibit replication of HIV in human lymphocytes in culture and there is

circumstantial evidence that maintenance of HIV-specific Tc may retard the development of

AIDS in vivo. In contrast to other latent viruses such as CMV and EBV [27,28] where host

virus-specific CD8 + Tc responses persist throughout life, HIV infected patients gradually lose

detectable HIV reactive CD8 + Tc, and this decline in Tc responses correlates with increases in

plasma viremia, reductions in CD4 + T cell counts, and the development of clinical AIDS [29-

31]. These data suggest that, in bone marrow transplant protocols, the ablation of residual

host HIV-specific CD8 + T
c
coupled with the lack of an effective donor HIV-specific CD8 + Tc

response during the early post BMT period may contribute to the difficulty controlling HIV.

Thus, adoptive immunotherapy with in vitro expanded HIV-specific CD8 + Tc effector cells

might have a beneficial post BMT antiviral effect. Such CD8 + Tc clones could be isolated for

expansion from the HIV seropositive BMT recipient pretransplant and adoptively transferred

in the posttransplant period to potentially reconstitute immunity to HIV.

C. Adoptive T Cell Transfer for Human Disease

The principles, safety and therapeutic efficacy of adoptive T cell transfer for viral and

malignant diseases have previously been established in animal models [32] but only recently

have investigators explored T cell transfer for the treatment of human disease. These clinical

studies have established the feasibility and safety of this approach and demonstrated in vivo

biological effects of transferred effector cells.

1 . LAK and TIL Cell Therapy in Cancer Patients

I
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Studies of cellular immunotherapy in cancer patients have evaluated two effector

populations. Lymphokine activated- killer (LAK) cells, generated by short term

culture of peripheral blood lymphocytes in the presence of high concentrations of IL2,

lyse transformed target cells and have minimal lytic activity for most normal tissues

[33,34]. Up to 10n in vitro generated LAK cells have been administered in a single

intravenous infusion to cancer patients. Treated patients experienced only minor

constitutional symptoms and no pulmonary compromise demonstrating the safety of

systemically administering large numbers of in vitro activated lymphocytes [35-37].

Therapeutic trials have also combined short courses of high dose systemic IL2

administration with LAK cell transfer to promote LAK function and viability with

apparent enhanced efficacy.

Therapy with in vitro expanded lymphocytes derived from a tumor infiltrate has also

been evaluated. The rationale for using such tumor infiltrating lymphocytes (TIL) is

that these lymphocytes might be enriched for tumor-reactive T cells, and such TIL

cells have been shown in a murine sarcoma model to be 50 to 100 times more

effective than LAK cells in eradicating tumor micrometastasis [38]. In humans, TIL

cells lines have been generated by mincing tumor specimens and culturing eluted

lymphocytes with high concentrations of IL2. TIL lines can be expanded to 108-10“

cells over 3-8 weeks in culture, and some lines appear to function as T cells with lytic

specificity for autologous but not allogeneic tumor targets, whereas others function as

LAK cells and lyse both autologous and allogeneic tumor targets [39-41]. Adoptive

transfer of 5xl010 TIL alone has not been associated with significant toxicity, and

administration of 5xl010 TIL cells with concurrent systemic IL2 has resulted in

toxicities that are attributable to the IL2 [42,43]. Evaluation of the migration patterns

of transferred TIL cells by infusion of Indium-111 labelled cells has revealed initial

localization of TIL cells in the lungs, liver and spleen at two hours after intravenous

infusion, followed by emigration and preferential localization at sights of metastatic

tumor by 24 hours [44]. Partial and complete tumor regressions have been seen in

patients following a single TIL cell infusion, demonstrating these long term cultured

immune effector cells can mediate in vivo biologic effects.

2. Infusion of lymphocytes modified by retrovirus mediated gene transfer

The use of replication-defective retroviral vectors has advanced gene transfer

technology resulting in clinical applications. These vectors can be produced free of

helper virus using specially designed packaging cell lines such as PA317 and provide

a suitable means of transducing primary T lymphocytes. The retroviral marker can be

used in combination with polymerase chain reaction (PCR) techniques to allow the

transduced cells to be tracked in vivo following cell transfer, and genes inserted into

these vectors may be expressed by placing them under appropriate transcriptional

control. Recently, TIL from several different individuals have been transduced with a

retroviral vector expressing the neomycin phosphotransferase gene which confers

resistance to toxic doses of G418 [46]. These TIL have been administered to cancer

patients and the presence of the marker gene encoding neomycin phosphotransferase

used to determine the in vivo persistence and distribution of transferred T cells.

Preliminary results from these studies have demonstrated the localization of TIL cells

at tumor sites long after cell transfer and illustrate the feasibility and safety of using

retrovirus mediated gene transfer to mark human T cells to be used for
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immunotherapy [47],

The introduction of genes into T lymphocytes as a means of improving in vivo

efficacy following cell transfer has also been explored. TIL have been transduced

with a retrovirus encoding the gene for tumor necrosis factor (TNF) constitutively

expressed under the transcriptional control of the retroviral long terminal repeat

(LTR) [48]. These functionally modified TEL have been administered to patients with

advanced cancer with the goal of providing a greater antitumor effect. Although no

acute toxicities were observed in die initial patients treated, a limitation of this

approach is that if toxicity occurs due to the infused genetically modified T cells,

there is no readily available method of specifically ablating these cells. Thus, for

studies of adoptive immunotherapy with genetically modified T cells, it would be

desirable to have a means of eradicating transferred T cells should toxicity occur.

Gene transfer has also been used as an approach to treating children with severe

combined immunodeficiency (SCID) who have a deficiency of the enzyme adenosine

deaminase (ADA). Patients have been treated with autologous T lymphocytes

transduced with a retroviral vector encoding the ADA gene in an attempt to

permanently correct the patient’s ADA deficiency. Although the follow up is short

and detailed clinical information has not been reported, no acute side effects due to

the administration of these genetically modified T cells were observed.

3. Adoptive immunotherapy with CD8+ CMV-specific Tc clones following allogeneic

BMT

Studies in our laboratory have demonstrated that the reconstitution of CMV-specific T
cell responses following allogeneic BMT correlates with protection from developing

severe CMV disease [49]. Therefore, using in vitro culture techniques to isolate and

propagate CD8 + CMV-specific Tc clones [50, 51], we have initiated a Phase I study

to evaluate the safety of adoptively transferring donor-derived CD8 + CMV-specific

cytotoxic T cell clones to the respective BMT recipient and to determine the potential

of this approach for reconstituting CMV-specific immunity. Five patients have been

treated with four weekly escalating doses of CD8 + CMV-specific Tc clones beginning

days 28 to 42 posttransplant. No alterations in vital signs or oximetry were observed

during and immediately following the twenty cell infusions. One patient developed a

transient low grade fever four hours following the fourth dose of T cells (cell dose 1.0

x 10
9/m2

). Blood cultures were negative and the patient defervesced in less than

twelve hours without antimicrobial therapy. None of the five patients developed new

onset or worsening of acute graft versus host disease following cell transfer. Thus,

adoptive immunotherapy with up to 1.4 x 109 CMV-specific Tc/m
2 appears to be safe

and nontoxic in allogeneic BMT recipients.

The patients treated with CD8 + CMV-specific Tc have been followed to determine the

efficacy of T cell transfer in reconstituting immunity to CMV. Three of the five

patients had undetectable CMV-specific CD8 + Tc and CD4
+ TH responses in

peripheral blood immediately prior to T cell transfer, and all three had detectable

CD8 + Tc responses but not CD4 + TH responses 48 hours following the first cell

infusion (cell dose 3.3 x 107/m2
). Moreover, the CD8 + Tc responses persisted prior
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to the next infusion and were augmented to levels equivalent to healthy CMV
seropositive donors by the third infusion (cell dose 3.3 x lOVm 2

) One patient has now
been followed for six weeks following completion of all four T cell infusions and still

had detectable CD8 + CMV-specific Tc responses but had not yet developed a CD4 +

CMV-specific TH response. In prior studies, we have not observed the reconstitution

of CD8 + Tc in the absence of CD4+ TH [48, and unpublished data], suggesting the

CD8 + Tc responses persisting in this patient are due to transferred T cells. The

remaining two patients had detectable but weak CD8 + CMV-specific Tc responses and

these were augmented during T cell therapy. Thus, these results demonstrate that

CMV-specific CD8 + Tc clones can be adoptively transferred safely to BMT recipients

and persist in vivo as functional effector cells.

D. Generation and Retroviral Modification of CD8 4 HIV- Specific T,

Based on the encouraging results of adoptive immunotherapy for reconstituting CMV-specific

immunity, it should be possible to reconstitute or augment HIV-specific immunity for HIV
seropositive individuals undergoing allogeneic bone marrow transplant. Culture methods to

generate CD8 + HIV gag-specific Tc from HIV seropositive individuals have been described

[20-26] and are operative in our laboratory. T cell clones with specificity for the HIV gag

and envelope gene products have been generated from four consecutive HIV seropositive

individuals (unpublished data). These clones can be expanded in long term culture to

numbers sufficient for adoptive immunotherapy studies. Due to the increased likelihood of

mutation in the HIV envelope potentially resulting in loss of T cell epitopes, we propose to

use Tc with specificity for the gag gene product for adoptive immunotherapy. In contrast to

the CMV immunotherapy study, there are several unique considerations in the proposed HIV
immunotherapy study. Firstly, due to the nature of host cells potentially infected with HIV, it

is possible the recognition and elimination of infected cells by transferred CD8 + Tc might

induce unique toxicities in these patients. In particular, HIV can infect monocyte-derived

microglial cells in the central nervous system (CNS) [52] and alveolar macrophages in the

lungs [53], and an inflammatory response at these sites induced by cytokine release from

transferred CD8 + Tc could result in CNS toxicity or lymphocytic alveolitis, respectively.

Although controversial, it has been suggested that marrow progenitors are susceptible to HIV
infection [54,55], and should donor hematopoietic progenitors become infected by HIV, their

elimination by CD8 +
effector cells could compromise engraftment. Thus, for HIV, as well as

potentially for treatment of other diseases, it would be desirable to have a means of selectively

eliminating transferred Tc clones if toxicity occurs. Secondly, the T cells to be used in this

study will be derived from the host and are potentially susceptible to immunologic rejection

by engrafted donor lymphocytes due to recognition of minor histocompatibility antigens.

Thus, it would be desirable to have a sensitive means of determining the duration of in vivo

persistence of transferred Tc since this would be expected to impact on potential antiviral

efficacy, and this data could be used to guide the development of protocols utilizing

alternative infusion regimens.

A solution to these problems may be provided by using retrovirus mediated gene transfer.

We have investigated using a retroviral vector encoding a novel selectable marker

incorporating the hygromycin phosphotransferase gene and the herpes virus thymidine kinase

(HSV-TK) gene to provide both a marker gene and a suicide gene in T cell clones. The

HSV-TK, in distinction to mammalian TK enzymes, can efficiently phosphorylate nucleoside

analogues such as ganciclovir, thereby rendering transduced mammalian cells susceptible to
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the cytotoxic effects of such drugs [57]. This strategy of using HSV-TK as a suicide gene has

been extensively evaluated in murine models. Administration of ganciclovir to mice bearing

tumor cells retrovirally infected with the HSV-TK gene or to transgenic mice expressing

HSV-TK in lymphocytes led to selective elimination of the HSV-TK positive cells with no

toxicity to normal cells [58,59]. Moreover, the integrated proviral sequences can be detected

by polymerase chain reaction (PCR) of DNA obtained from PBL to provide a sensitive

indicator of in vivo persistence following cell transfer.

The retroviral vector to be used in this study, tgLS +HyTK here referred to as the HyTK
virus, encodes a suicide gene which is a fusion product of the hygromycin phosphotransferase

(hph) and HSV-TK genes [60]. This hybrid selectable marker gene encodes a bifunctional

protein and has the advantage that it confers on transduced cells both resistance to the

selective drug hygromycin B, and sensitivity to ganciclovir. The HyTK retrovirus has been

used at a multiplicity of infection of 1:1 to infect human HIV-specific CD8 + Tc clones which

are then selected by culture in hygromycin B. Transduction efficiency of human CD8 + T cell

clones with the HyTK retrovirus have varied from 0.2 to 2% as determined by subcloning

hygromycin B resistant T cells. Such transduced T cells have integrated (he HyTK genome in

unrearranged form on Southern blot and retain normal function and antigen specificity, but

are killed in vitro following exposure to low concentrations (0. 1-3.0 jig/ml) of ganciclovir

[unpublished data]. These concentrations of ganciclovir are not toxic to nontransduced T cell

clones and are well below those readily achieved in vivo with standard dosing regimens [61].

Thus, introduction of the HyTK gene into HIV-specific CD8 + Tc clones prior to adoptive

transfer will provide a marker gene to serve as a sensitive indicator of the duration of in vivo

persistence of these cells and could provide a novel means of eliminating the clones in vivo if

toxicity occurs. Preclinical studies in murine models have demonstrated that adoptively

transferred HyTK transduced murine T cell clones can be ablated in vivo by ganciclovir

administration (unpublished data).

The HyTK retrovirus will be produced by Immunex Corporation and has the same structure

as the LNL6 vector approved for the N2/TIL human gene therapy trial [62], except that it

contains the HyTK selectable marker in place of the neomycin resistance gene. The

packaging cell line used to produce the HyTK retrovirus is a clone of infected PA317 cells,

the same packaging cell line used in the N2/TIL study which has been modified such that it

does not produce intact replication competent retroviruses (helper viruses) [63]. Moreover,

both the retroviral supernatant and the transduced HIV-specific CTL clones will be assayed

for the absence of helper virus using a sensitive neo virus rescue assay prior to using

transduced cells in immunotherapy.

Objectives

A. To evaluate the safety and toxicities of administering increasing doses of autologous CD8 +

class I MHC-restricted HIV-specific T. clones transduced bv retrovirus mediated gene transfer

to express a marker/suicide gene.

B. To determine the duration of in vivo survival of adoptively transferred HIV-specific T. clones.

C. To determine if ganciclovir or acyclovir therapy can efficiently eradicate the genetically

modified adoptively transferred T cells.
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D. To evaluate markers of HIV disease activity in allogeneic BMT patients receiving adoptive

immunotherapy with CD8 +
T„ clones.

5.

Patient Selection

This study will enroll a subset of patients eligible for Protocol #526. All patients entered onto #696

will receive antiretroviral therapy as outlined in protocol 526 and will not be on other experimental protocols.

A minimum of five and a maximum of fifteen HIV-seropositive patients undergoing allogeneic BMT from

HLA-identical related donors for non-Hodgkin’s lymphoma in first remission or first relapse with limited

disease will be enrolled.

A. Eligibility criteria for study entry: Patients must meet all of the following criteria:

1. The patients entering into the adoptive immunotherapy study must have a scheduled

transplant date that is at least three months following the initial visit to permit

adequate time to generate and genetically modify T cells for therapy. Thus, the

clinical coordinator will contact the investigator to arrange for consultation with the

patient and the prospective marrow donor. If T cells are not generated for therapy,

the patients will be treated on protocol #526.

2. The bone marrow donor must be >_ 16 years of age.

3. Patients must be >_ 18 years, <_ 45 years of age.

4. The patient must be HIV-seropositive as determined by Western blot and either HIV-1

culture positive, p24 antigenemic or positive by PCR for HIV-1 DNA or RNA.
5. The patient is a candidate for allogeneic BMT for the treatment of non-Hodgkin’s

lymphoma and has an HLA-identical related donor who is HIV-1 seronegative and

PCR negative for HIV-1 DNA.
6. All patients will receive azidothymidine beginning at least 2 weeks pretransplant and

continuing for a minimum of 12 months post-transplant unless adverse effects occur.

7. Patients entering this study will require insertion of a triple lumen central venous

catheter.

8. Signed informed consent that fulfills Institutional Review Board guidelines must be

obtained.

B. Exclusion criteria

1. Patients with life-threatening infection which would preclude BMT are not eligible. If

the infection resolves, they can be re-evaluated as candidates for this protocol. The

following past or present infections, however, permanently preclude patient eligibility:

Mycobacterium avium intracellular , toxoplasmosis, cryptococcoses, cytomegalovirus

retinitis or pneumonitis and acyclovir-resistant herpes simplex infection.

2. Patients with visceral involvement of Kaposi’s Sarcoma (e.g. lung, liver etc.).

3. Prior zidovudine therapy of greater than 90 days duration. If a patient has received

zidovudine for more than 90 days, the patient will be eligible for the protocol if ID 50

in vitro sensitivity testing of HIV isolates is less than 1/x molar.

4. Pregnant women, nursing mothers or women of childbearing potential not employing

appropriate contraception or abstinence.

5. Patients with abnormal neurocognitive neurologic examination as evaluated by

consulting neurologist.

6. Absolute CD4 cell count <200//zl at the time of referral.

7. Patients with prior radiation therapy precluding the use of TBI in the preparative

regimen. This includes:
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a. Patients who have received more than 3000 cGy CNS irradiation.

b. Patients who have received more than 2000 cGy to mediastinum or liver.

c. Patients who have received irradiation at lower doses than stated above but

who developed symptoms of excessive toxicity to normal tissue. [Note: these

patients may be eligible for protocol #526].

C. Eligibility criteria for therapy with HIV-specific T.

1. HIV-seropositive transplant recipients who have entered study and for whom HIV-
specific CD8 + Tc clones have been generated, expanded in vitro, and transduced with

the HyTK retrovirus will be eligible for reinfusion of autologous HIV-specific T cells

beginning following engraftment (ANC > 750/mm3
) and discontinuation of

prophylactic acyclovir. [Note: Patients treated on this protocol will receive Acyclovir

until ANC > 500/mm3 and not until day 150 as outlined in protocol #526.]

2. Patients requiring therapy with acyclovir or ganciclovir [See Section 6.H: Prophylaxis

and management of herpes virus infections] after initiation of T cell infusions will be

monitored by PCR analysis of PBL for retroviral vector DNA to determine if

transferred T cells are eradicated [See Section 6.E.3]. These patients will be eligible

to receive repeat infusions of non-transduced HIV-specific Tc clones to the dose level

of transduced T cells administered if no toxicity was observed following the initial

infusions.

3. Patients requiring zidovudine discontinuation due to toxicity (Section 6.F.3) will

remain eligible to receive HIV-specific Tc therapy.

4. Signed informed consent that fulfills Institutional Review Board guidelines must be

obtained for infusion of autologous HIV-specific CD8 + Tc clones.

D. Exclusion criteria for therapy with HIV-specific T,

1 .
' Recipients who have grade 3 or 4 regimen-related toxicity in any organ system or

grade 3 or 4 GVHD at the scheduled time of T cell infusion will not be eligible for T
cell therapy until organ dysfunction has improved and GVHD has resolved to <
grade 2.

2. T cell therapy will not be initiated in patients receiving therapy with acyclovir or

ganciclovir for active herpes virus infections until these infections are resolved and

antiviral therapy discontinued.

Treatment Plan

A. Preparative Regimen

The preparative regimen for HIV positive patients with lymphoma will be identical to the

regimen used at the FHCRC (outlined in protocol 164.2) for HIV seronegative patients with

lymphoma. The treatment plan includes:

1 . Start allopurinol (200 mg/m2
/day in three divided doses) on admission and discontinue

on day -1 (day 0 is the day of transplant).

2. Chemotherapy

a. All patients will be treated with CY 60 mg/kg x 2 (calculated on lean body

weight for obese patients). Patients may be considered for alternative

chemotherapy for the following reasons:

1. Patients with previous history of severe CY-induced cystitis.
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3.

b.

c.

TBI

2. Patients with previous history of cardiac problems and/or history of

high-dose daunomycin should be first evaluated with cardiac ejection

fraction studies.

All patients will receive two lumbar punctures with intrathecal (IT) instillation

of 12 mg MTX during the preparative period (see below).

MTX levels. If the 48 hour level falls in the toxic range, consultation with

the attending staff physician should be obtained for readjustment of subsequent

IT dosages.

Following 1-3 days of rest after CY administration, all patients will receive TBI at

200 rad per day for a total of 6 days from opposing “Co sources at a dose rate of 6-7

rad per minute.

Sample Schedule:

Start allopurinol on admission

Day -10 IT MTX 12 mg
-9 CY 60 mg/kg
-8 CY 60 mg/kg
-7 Rest

-6 Rest; IT MTX 12 mg
-5 200 rad

-4 200 rad

-3 200 rad

-2 200 rad

-1 200 rad (stop allopurinol)

0 200 rad + marrow infusion

4. Marrow Infusion

Marrow will be aspirated under spinal or general anesthesia, screened and infused IV

within 24 hours of termination of TBI.

5. CNS prophylaxis

Patients will receive IT MTX as outlined below during the first 100 days

posttransplant.

Days 32-12 mg IT

46-12 mg IT

60-12 mg IT

74-12 mg IT

88-12 mg IT

102-12 mg IT

6. Drug, Irradiation and Marrow Administration, Toxicities and Complications

a. CY Administration

1 . Dosage. CY is administered at a dosage of 60 mg/kg on each of 2

successive days (use lean body weight for obese patients).

2. Antinausea, antiemetics: Nausea and vomiting can be well controlled

with guideline #1, protocol #400.
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3. Because of an incidence of hemorrhagic cystitis of 30%, fluid

administration and management is recommended to prevent

hemorrhagic cystitis per protocol #400, guideline #1.

4. Toxicity and complications - Protocol #400, guideline #1.

b. Fractionated TBI

1. Dose

See schedule above under section 6.A. 3. Dosimetry calculations are

performed by the appropriate member of the support team.

2. Fluid therapy during TBI - per protocol #400, guideline #2.

3. Toxicity - Described in protocol #400 guideline #2.

c. Marrow Infusion After TBI

Marrow is infused IV without a filter as soon as it is aspirated and screened

and no longer than 4 hours after aspiration. It may be infused anytime up to

24 hours following TBI.

1. Toxicity

a. Volume overload. This can be avoided by centrifugation and

removal of plasma, or by phlebotomy prior to infusion. This

is of particular importance in small recipients who are

receiving a large volume of marrow (>20 cc/kg).

b. Pulmonary emboli. Usually not a problem but may occur due

to fat and marrow emboli. Fatty marrows should be

centrifuged to avoid this problem. The latter problem, when it

occurs, is transient although temporary administration of 02

may be necessary.

c. Allergic reactions. Chills, fever, and hives occasionally occur

presumably due to antigenic plasma components. These

reactions are never severe and respond to parenteral benadryl.

B. Posttransplant Immunosuppression (GVHD Prophylaxis)

GVHD prophylaxis will be with cyclosporine alone.

1 . Cyclosporine administration. All patients will receive CSP starting on the day

before marrow infusion (day -1) in a dose of 3.0 mg/kg/day intravenously in

two divided doses (1.5 mg/kg each) and infused over a period of 1-4 hours.

Unless toxicities are encountered, CSP will be continued at the same dose

until day 50. After day 50 the dose of CSP will be gradually reduced by

5%/week and the drug discontinued at approximately 6 months after grafting.

IV CSP will be discontinued once the patient starts eating and the drug will be

given p.o. in a dose of 12.5 mg/kg/day in two divided doses (6.25 mg/kg

each). To this purpose CSP will be provided in form of a drinking solution

(milk, juice and chocolate).

2. Toxicity. If vomiting occurs within 2 hours of administering PO CSP, an

insufficient amount of the drug may have been absorbed and the dose should

be repeated. Antinausea medication may be given as needed.

If the patient is unable to keep CSP down, IV CSP may be administered at

25% of the oral dose. Beside gastrointestinal toxicity, CSP may cause a rise
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in BUN and creatinine, bilirubin and liver enzymes, hypertension and, after

prolonged administration, pancytopenia. Minor side effects may include

hirsutism, gingival hyperplasia and possible skin changes, mental depression,

tremor, and hypertension.

Serum samples will be obtained according the concurrently active protocols

for CSP pharmacokinetic studies.

3.

Dose adjustment

Rising BUN and creatinine and pancytopenia may require reductions of the

dose of CSP.

C. Generation and characterization of HIV-specific T cell clones for immunotherapy

The methodologies employed to generate CD8 + HIV-specific T cell clones from HIV
seropositive individuals pretransplant and to transduce the T cell clones with the HyTK
retrovirus are detailed in Appendix 1. T cell clones transduced with HyTK and demonstrating

HIV gag-specific cytolytic function will be characterized for

1. Cell surface phenotype (CD3, CD4, CD8, CD 16)

2. Glass I MHC restriction

3. DL-2 dependence

4. Correct structure of transferred HyTK vector DNA
5. In vitro ganciclovir sensitivity

6. Vaccinia or latent HIV infection by PCR for HIV gag DNA
7. Absence of helper virus (S

+
L' and neovirus rescue assay)

8. Mycoplasma, fungal and bacterial sterility

The generation and in vitro growth of autologous HIV-specific T cell clones requires a single

blood sample (60cc) from the HIV positive patient and the following from the HLA-identical

HIV seronegative bone marrow donor:

1 . 60 cc of peripheral blood obtained in the pretransplant work-up (required twelve

weeks prior to the scheduled BMT).
2. 3 mm punch skin biopsy obtained in the pretransplant work-up (required at least

twelve weeks prior to scheduled BMT to establish a fibroblast line).

3. Two leukaphereses to obtain and store PBMC for use as feeder cells.

D. Administration of CD8 +
HIV-specific T cell clones transduced with the HvTK retrovirus.

1. Autologous T cell infusions will begin following engraftment as defined by an ANC
of > 750/mm3 providing Acyclovir has been discontinued for ^ 24 hours and the

patient is not on ganciclovir.

2. All T cells administered will be clonally-derived CD8 +
class I MHC-restricted HIV-

specific cytotoxic T cells generated from peripheral blood lymphocytes of the HIV-

seropositive patient.

3. Each patient will receive up to four intravenous infusions of HYTK-transduced Tc at

increasing cell doses given two weeks apart, according to the dose escalation scale

outlined in Table 1 or patient tolerance.
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TABLE 1: HIV-Specific CTL Administration—Dose Escalation

Dose Level Maximum CD8 + T Cells Administered

1 lx 107m2

2 3.3 x 107m2

3 1 x 107m2

4 3.3 x 107m2

Note: If the transduced clones are non toxic but are subsequently ablated due to acyclovir or

ganciclovir therapy for a herpes virus infection, repeat infusions of nontransduced Te

clones may be given up to the dose level of transduced T cells previously

administered to that patient.

4. Each infusion will consist of a composite of up to ten T cell clones to achieve the cell

dose under study.

5. T cell clones will be harvested from the cultures, washed three times with RPMI-
Hepes and resuspended in 100 ml of 0.9% NaCl with 2% human AB serum.

6. T cells will be infused through the Hickman catheter over 30 minutes.

7. Intravenous tubing will be provided for T cell administration and no filters will be

used in the infusion line. The infusion bag will be gently mixed every five minutes

during the infusion.

8. Patients will have vital signs obtained pre infusion, every fifteen minutes during the

infusion, at the end of the infusion and hourly for two hours following the infusion.

A research nurse will be available to do vital signs.

9. Patients will have oxygen saturation measured by oximetry pre infusion, immediately

post infusion and two hours post infusion. The primary physician should be notified

if the 02 saturations are less than 90%.

10. The initial two patients will receive T cell therapy as inpatients. If no toxicities are

observed, subsequent patients may receive T cell infusions in the outpatient

department.

E. Management of Toxicities and Complications

1 . Constitutional Symptoms Mild symptoms have been observed with LAK and TIL cell

infusions and might occur in patients receiving HIV-specific Tc . The management of

these transient toxicities is outlined below.

a. Fever, chills and temperature elevations > 101 may be managed with

acetaminophen 650 mg. p.o. q 4-6 h. All patients developing fever and chills

will have blood cultures obtained.

b. Headache: may be managed with Acetaminophen.

c. Nausea, vomiting: may be managed with diphenhydramine 25-50 mg IV.

d. Hypotension: may necessitate fluid replacement.

2. Toxicities that might occur following T cell infusion warranting ablation of adoptively

transferred T, clones

a. Neurologic: focal neurologic signs, aseptic leptomeningitis or encephalopathy

within 96 hours of T cell infusion or grade 3 CNS toxicity at any time after T
cell infusion [see appendix 2] that is unexplained following complete
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neurologic work up including lumbar puncture if clinically not

contraindicated. [Note: a sample of CSF (1-3 cc) should be sent to Rm
AC 125 FHCRC.]

b. Pulmonary: The development of diffuse bilateral pulmonary infiltrates within

96 hours of T cell administration or grade 3 pulmonary toxicity at any time

after T cell infusion [see appendix 2] not attributed to an infectious etiology or

fluid overload following Pulmonary evaluation including BAL. [An aliquot

(25 cc) of BAL fluid should be sent to Rm AC 125 FHCRC.]
c. Hematopoietic: A reduction in the ANC to < 500/mitf) persisting for two

weeks and not responding to zidovudine dosage modification (Table 3)

d. Grade III or IV organ toxicity [see Appendix 2] occurring following

administration of HIV-specific Tc and not attributable to other posttransplant

complications.

3. Ablation of T cell clones transduced with the HvTK suicide gene:

There are two situations in which ganciclovir or acyclovir will be administered and

the patients will then be evaluated for ablation of cell clones.

'

a. As outlined in E2, patients developing toxicity attributed to the T cell infusion

will receive ganciclovir.

b. As outlined in H(l-3), patients requiring ganciclovir or acyclovir for the

treatment of a herpes virus infection will also be evaluated for ablation of

transferred T cell clones.

c. Prior to initiating ganciclovir, 30 cc of heparinized blood should be drawn and

sent to Rm AC 125 FHCRC.
d. For the management of toxicities attributed to T cell therapy (E2), ganciclovir

should be administered at a dose of 5 mg/kg IV q 12 h. for seven days.

e. 30 cc of heparinized blood is to be drawn on days 2, 4, 7 and 10 following

initiation of ganciclovir for PCR and functional analysis to detect HyTK
positive HIV-specific Tc [send to Rm AC125].

f. 10 cc serum tube for peak (1 hour post dose) and through (immediately pre

dose) serum ganciclovir levels must be obtained on days 2 and 4 following

initiation of ganciclovir therapy [send to room AC 125].

F. Zidovudine Dosage and Administration

Zidovudine will be administered and monitored as described in protocol #526 and outlined

below.

1. Study Medication Supply

a. Zidovudine will be supplied for intravenous administration as a 10 mg/ml

solution in 20 ml amber glass ampules, with a sterile closure and overseal

applied. Dilute with 5% Dextrose Injection, USP to 1-4 mg/ml in polyvinyl-

chloride containers. Use within eight hours if stored at room temperature;

twenty-four hours if stored at 5° C.

b. Zidovudine capsules for oral administration are supplied as 100 mg in white,

opaque bodies with maroon opaque caps.

Zidovudine 100 mg capsules will be supplied to the study center pharmacy in

bottles of 500 capsules each. During the time that the patient remains in the

hospital during the posttransplant phase of the study, medication will be

dispensed through the regular inpatient pharmacy system. During the
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outpatient follow-up phase of the study Zidovudine will be dispensed by the

study center pharmacy in limited quantities (two-four week supply) to provide

an accurate accounting of compliance at the time of each follow-up clinic

visit.

2. Dosage and Administration

a. Pretransplantation Treatment

Two weeks prior to bone marrow transplantation (day-14 through day 0),

patients will receive Zidovudine therapy at 5 mg/kg IV every four hours, with

zidovudine administered over one hour IV.

b. Transplantation Therapy

At the time of the bone marrow transplantation (day 0) the Zidovudine dose

will be reduced to 2.25 mg/kg IV every four hours (after infusion of the

donor marrow).

c. Posttransplantation Therapy

Conversion to an oral regimen will be initiated if the patient is able to tolerate

oral medications and is able to be discharged to the outpatient department.

The dose TV will be reduced by 50% (1.13 mg/kg) and a 48 hour trial of

Zidovudine 100 mg p.o. every four hours (1.35 mg/kg/q 4 hours) will be

initiated. If the patient is able to tolerate the oral medication, then the IV

dosing can be discontinued.

The oral dose will be continued for a minimum of twelve months. After this

period the drug will be continued at the discretion of the principal investigator

with mutual consent of the patient.

3. Zidovudine Dose Modifications

a. Discontinuation of Zidovudine

1 . Life threatening anaphylactic reaction secondary to Zidovudine.

2. Severe bone marrow toxicity as defined by the failure of donor bone

marrow to engraft after marrow infusion will necessitate Zidovudine

discontinuation. Zidovudine will be discontinued if the absolute

neutrophil count (ANC) is less than the indicated value at any of the

three evaluation points posttransplant (Table 2).

TABLE 2

Stopping Criteria for Zidovudine Administration

Day of Evaluation Posttransplant Stopping Criteria

Day 18 ANC <100
Day 22 ANC < 200

Day 30 ANC <500

These stopping criteria were formulated by reviewing rates of

engraftment in 44 patients receiving HLA-identical allogeneic marrow

transplants for leukemia/lymphoma. These patients received

cyclosporine only for graft-versus-host disease prophylaxis. Forty-

three of forty-four patients attained an ANC of 100 by day 17
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posttransplant; an ANC of 200 by day 21 posttransplant; and an ANC
of 500 by day 29 posttransplant.

Untoward side effects or other organ impairment thought to be secondary to

Zidovudine administration, such as neuropathy and myopathy.

Guidelines for Reducing Zidovudine Schedule

Neutropenia: Neutropenia is an expected occurrence in BMT and is observed

during the engraftment period (day 0 through day 28), and is often observed

again between days +50 through +70 in 25% of patients.

The Zidovudine dose (oral or IV) should be reduced by one-third (TV dose:

1.5 mg/kg every four hours; oral dose: 100 mg every six hours) in patients

with a persistent decline in peripheral neutrophil count after initial engraftment

(below 500 neutrophils/mm3) between days +30 and + 100 (Table 3). A peak

and trough Zidovudine serum level should be obtained prior to the dose

reduction and again at forty-eight hours after the dose reduction. A second

dose reduction may be made after an additional seven days if the neutrophil

count remains < 500 cells/mm3 and bone marrow aspirate does not indicate

early recovery of myeloid elements. At this time the dose should be further

reduced (IV dose: 1.13 mg/kg; oral dose: 50 mg every four hours), and

serum Zidovudine peak and trough levels should again be obtained after forty-

eight hours. If after an additional seven days the neutrophil count remains

< 500 cells/mm3 , then Zidovudine should be discontinued. When the

neutrophil count rises above 500 cells/mm3
the full Zidovudine dosing

schedule should be restarted.

TABLE 3

Guidelines for Dose Reduction of Zidovudine after day 30 posttransplant

CONDITION
Dose

IV PO
1 . ANC >500 2.25 mg/kg q. 4 hrs. 100 mg.p.o. q. 4 hrs.

2. 1st dose

reduction: 1.5 mg/kg q. 4 hrs. 100 mg. p.o. q. 6 hrs.

3.

ANC <500
2nd dose

reduction: 1.13 mg/kg q. 4 hrs. 50 mg. q. 4 hrs.

ANC <500/

1 week after

first dose

reduction

4.Discontinuation:

ANC <500/1 week

after second dose

reduction

Subjects with neutropenia after day + 100 (<500 cells/mm3
) should have Zidovudine peak

b.

c.
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and trough levels obtained and bone marrow aspirate/biopsy. The dose of Zidovudine will be

reduced as described above.

Anemia: Reticulocytopenia develops in up to 40% of AIDS patients on Zidovudine, but is

less in asymptomatic HIV-1 infected individuals. No dose reduction in Zidovudine is

recommended for anemia, and patients should be managed with red cell transfusions as

required.

Thrombocytopenia: Zidovudine has been infrequently associated with thrombocytopenia.

Dose reductions will be considered for the development of refractory thrombocytopenia

persisting after day 100.

Renal Failure: No dose reductions are necessary for renal insufficiency.

Dose Escalation of Zidovudine: The dosing of Zidovudine will be escalated for subsequent

patients by the principal investigator in consultation with Burrough’s Wellcome if HIV-1

infection is not eradicated in the patients studied initially, provided that lack of engraftment

has not been observed previously. The maintenance dose will be increased by 50% if HIV-1

infection persists (after day 90) in two consecutive patients.

G. Concomitant Medications

All patients are to receive prophylaxis with intravenous acyclovir as part of BMT
management. Acyclovir is to be administered at a dose of 500 mg/m2 IV q 8 hours beginning

on day -14 and continued until the ANC is > 500/mm3
.

Trimethoprim-sulfamethoxazole is to be given as prophylaxis at a dose of 1 DS tab p.o. b.i.d.

(or IV 5 mg/kg) beginning on day -14 through day -2 and then resumed when there is durable

engraftment at a dose of 1 DS tab p.o. b.i.d. twice per week until day 180.

H. Prophylaxis and Management of Herpes Virus Infections

1 . Herpes simplex: Prophylactic acyclovir should be administered according to standard

clinical practice beginning pretransplant and stopping when the ANC is > 500/mm3
.

The development of herpes simplex virus infections later in the posttransplant period

may be treated with systemic acyclovir if clinically indicated. Should acyclovir be

required, 30 cc of heparinized blood must be sent to Room AC 125 prior to starting

systemic acyclovir and on days 2, 4, 7 and 10 after starting acyclovir.

2. Herpes zoster: If VZV infection develops, acyclovir therapy is indicated and 30 cc of

heparinized blood must be drawn prior to initiating therapy and on days 2, 4, 7 and

10 after starting acyclovir.

3. Cytomegalovirus Prophylactic ganciclovir should not be administered to patients on

this protocol. All patients ŵill be monitored with weekly viral cultures from the

blood, urine and throat and with monitoring of CMV-specific CD4 and CD8 + T cell

responses. Patients with CMV viremia should be treated with ganciclovir according

to standard clinical practice. Patients with isolated urinary or throat excretion of

CMV will not be treated with ganciclovir unless they demonstrate absent CMV-
specific immune responses on the most recent assay. If T cell responses are not

detectable, ganciclovir should be instituted. In all patients requiring ganciclovir, blood
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(30 cc heparinized) should be sent to Room AC 125 prior to starting ganciclovir and

on days 2, 4, 7 and 10 of therapy.

Clinical Evaluation

A. Pre-entry Evaluations

1. HIV-1 antibody by Elisa and Western Blot

2. HIV-1 Peripheral Blood Mononuclear Cell (PBMC) culture; CSF culture; viral

isolates will be saved for sensitivity screening

3. HIV-1 p24 antigen serum and CSF assay

4. HIV-1 RNA Polymerase Chain Reaction (PCR) gene amplification probe on PBMCs
and bone marrow aspirate

5. HIV-1 antibody on donor serum. HIV-1 culture, and PCR assay on donor PBMCs
6. Storage of recipient and donor PBMCs (Minimum of 5 x 10

6
cells) and serum at -20°

C to be used for Restriction Fragment Length Polymorphism (RFLP)

7. T cell profile ratio (OKT4/OKT8)
8. Immunologic Profile: Serum immunoglobulin electrophoresis; serum B2

microglobulin.

9. Routine CBC; electrolytes panel; PT; PTT; SGOT; SGPT; alkaline phosphatase;

Coombs; Platelet associated IgG; lumbar puncture to assess CSF protein, CSF
glucose, CSF cell count, CSF VDRL and CSF culture for bacteria, mycobacteria and

fungus; routine urinalysis

10. MRI of cranium

B. Entry Evaluations

1. Prior to administration of the first dose of zidovudine, a history and general exam will

be completed and recorded.

2. Results of pregnancy tests (for female patients of childbearing potential) will be

available and recorded.

3. Results of CBC (with differential, platelet count and MCV, chemistry panel (including

serum creatinine, BUN, bilirubin (total), SGPT, SGOT, alkaline phosphatase, LDH,
CPK, and amylase), VDRL and routine urinalysis will be recorded.

4. Lumbar puncture to assess CSF protein, glucose, cell count, VDRL and CSF culture

for bacteria, mycobacteria, fungi and viruses including HIV-1.

5. Subjective symptoms and signs of HIV disease will be assessed and vital signs will be

recorded.

6. Any other treatments/medications/biologicals/blood products the patient is receiving at

the time of enrollment, or has received four weeks prior to enrollment and during

therapy will be recorded on data collection forms.

7. Neurological consultation

8. Zidovudine serum peak and trough level on day -10

9. Zidovudine CSF peak level on day -10

10. HIV-1 culture on PBMCs on day -10; viral isolates will be saved for sensitivity

screening

11. HIV-1 p24 antigen level on serum and CSF on day -10

12. HIV-1 PCR RNA on PBMCs on day -10

13. Western Blot on day -10

C. Treatment (In-patient) Evaluations
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1. Dose and administration of Zidovudine will be recorded, doses and administration of

HIV-specific T cells will be recorded.

2. Records of concomitant medications and blood products administration will be kept.

3. Patients will be continually evaluated for signs and symptoms characteristic of

infections or neoplasms.

4. Adverse experiences will be assessed and the results of a CBC (with differential,

platelet count and MCV), chemistry panel (including serum creatinine, BUN, bilirubin

(total), SGPT, SGOT, alkaline phosphatase, LDH, CPK, and amylase) and routine

urinalysis will be evaluated for abnormalities.

D. Evaluations during and following HIV-specific T cell Infusion

1 . During T Cell infusion:

a. Vital signs will be monitored every fifteen minutes during the T cell infusion

and Q1H for 2 hours post T cell infusion.

b. Oximetry will be monitored by finger oximeter during and 2 hours post T cell

infusions.

2. 24 hours post T cell infusion:

a. CBC with differential and platelet count.

b. Na, K, BUN, Cl, Cr, Calcium.

c. Chest X-ray PA & lateral

d. Neurological examination

3. Days 1, 7 and 13 post each T cell infusion (50 ml of peripheral blood):

a. Direct assay of PBL for retroviral vector DNA by polymerase chain reaction

(PCR) and Southern blot analysis.

b. HIV-specific CTL generation, with reactive cells assayed for hygromycin-

resistant T cells and for vector DNA by PCR and Southern blot.

c. T cell proliferation responses to HIV gp 160, Candida, tetanus, CMV and

PHA

4.

Monthly following completion of therapy for four months and then every two months

for six months:

a. 10 ml blood for S
+
/L' assay.

b. T cell proliferation responses to HIV gpl60, Candida, tetanus, CMV, HSV
and PHA

c. Assays of the peripheral blood to detect the development of donor Tc

reactivity to host lymphocytes expressing the hygromycin resistance or HSV-
TK gene products.

E. Additional Follow-up Laboratory Evaluations

1. HIV-1 Western Blot on serum on days 14, 28, 56, 84

2. HIV-1 p24 antigen on serum on days 14, 28, 56, 84

3. HIV-1 culture on PBMCs on days 14, 28, 56, 84; viral isolates will be saved for

sensitivity screening

4. HIV-1 culture on bone marrow on days 14, 28, 56, 84

5. HIV-1 RNA/DNA on PBMCs on days 14, 28, 56, 84

6. HIV-1 RNA/DNA on bone marrow on days 14, 28, 56, 84

7. Zidovudine peak and trough levels on days 0, 4, 14, 28, 49, 70 and 98

8. Zidovudine peak CSF levels on days 32, and 60

9. HIV-1 CSF culture on days 32, 60

[
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10. Quantitive immunoglobulins on day 84, absolute CD4, CD8 lymphocyte counts on

day 84.

1 1 . RFLP analyses or in situ hybridization for patients with opposite sex donors to

determine donor/host origin on PBMC and bone marrow on days 14, 28, 56, and 84

12. Weekly throat, urine and blood cultures for CMV and other viruses and weekly CMV
serologies.

Following day 100, HIV-1 studies of peripheral blood and bone marrow, Zidovudine

drug levels and RFLP analyses monitoring will be done as outlined every three

months for the next twelve months. After 1 year, the HIV tests should be obtained

ever four months.

F. Long Term Clinical Follow-up Evaluations

1. Following discharge from Seattle (around 100 days following the transplantation

procedure), patients will be seen monthly for the first year and every four months

thereafter. For stable patients, a two month schedule will be permitted during the

first year.

2. At each visit vital signs will be recorded, histories will be taken and the following will

be recorded:

a. Signs and symptoms of HIV disease and secondary illnesses or malignancies.

b. Karnofsky performance score

c. Adverse experiences and CBC (differential, platelet count and MCV),
chemistry panel (serum creatinine, BUN, bilirubin (total), SGPT, SGOT,
alkaline phosphatase, LDH, CPK, and amylase) and routine urinalysis

d. Concomitant medications

e. Modifications of Zidovudine dose regimen

f. Occurrence of secondary illnesses or malignancies

Study Discontinuation

Patients will be removed from the study for the following medical or administrative reasons.

A. Non-compliance - a patient who is not taking medication as directed or who is not keeping

appointments will be discontinued.

B. Voluntary withdrawal - any patient may remove himself from the study at any time without

prejudice to his medical care.

C. Experimental therapy - a patient may not receive concurrent therapy with other anti-retroviral

agents.

D. Severe bone marrow toxicity felt to be secondary to AZT or T cells which cannot be managed

by dose reductions or temporary interruption of therapy (i.e. failure to engraft, prolonged

hypoplasia after engraftment which becomes life threatening).

E. Other life-threatening adverse experience felt to be secondary to the treatment.

Statistical Analysis

This is a Phase I study of cellular adoptive immunotherapy using genetically modified CD8 + HIV-
specific T cells for HIV seropositive patients undergoing allogenic bone marrow transplant.

Demographic and background characteristics obtained at enrollment will be tabulated.

To describe the survival and activity of the T cell clones, the presence (or absence) of the vector
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DNA will be assessed by PCR and Southern blot analysis at 1, 7 and 13 days post each T cell

infusion. HIV specific CTL generation will also be characterized at these times. Changes over time

will be assessed. To describe the activity of the virus, the results of the HIV-1 Western blot, HIV-1

p24 antigen on serum, and other tests listed in section 7E. Additional follow-up evaluations will be

examined and compared over time for each individual patient and overall.

The type and grade of toxicities noted during study will be tabulated. Clinically important changes

from baseline in the laboratory variables will be summarized, all adverse events noted by the

investigator will be tabulated and summarized according to the affected body system.

The study will be stopped early and reevaluated if any two patients fail to engraft after BMT as

determined using criteria listed in Table 2, or if any three patients develop neurologic, pulmonary, or

hematopoietic toxicity requiring T cell ablation. If transferred HIV-specific T cells persist in vivo for

less than 7 days in all of the first five patients treated, the study will be stopped and reevaluated. The

study may also be stopped early if the initial five patients survive longer than twelve months and

remain free of HIV-1 infection.

10.
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THE FRED HUTCHINSON CANCER RESEARCH CENTER AND THE
UNIVERSITY OF WASHINGTON SCHOOL OF MEDICINE
DEPARTMENT OF MEDICINE, DIVISION OF ONCOLOGY

Consent to Participate in Allogeneic Bone Marrow Transplantation, Adoptive Immunotherapy with

Genetically Modified HIV-specific Lymphocytes and the Administration of Zidovudine (AZT) for

Patient with Malignant Lymphoma and Human Immunodeficiency Virus Infection.

Investigators: S.R. Riddell, M.D., Assistant Member, FHCRC, 667-5249; P.D. Greenberg, M.D., Professor

of Medicine and Immunology UW, Member FHCRC; R.W. Overell, Ph.D., Immunex Corporation, T.P.

Loughran, M.D., Associate Member FHCRC; M.J. Gilbert, M.D., Senior Fellow, FHCRC; S.D. Lupton,

Ph.D., Immunex Corporation; J.M. Agosti, M.D., Immunex Corporation, S. Scheeler, Immunex
Corporation, R.W. Coombs, M.D., Assistant Professor of Medicine, UW, L. Corey, M.D., Professor of

Laboratory Medicine/Medicine, UW.

Emergency (24 hours) Phone: 667-5001

Attending Physician Phone:

BACKGROUND AND PURPOSE

You have cancer of the lymph node cells (lymphoma) and an infection with the human immunodeficiency

virus (HIV), the virus associated with the Acquired Immunodeficiency Syndrome (AIDS). Infection with HIV
is often characterized by gradual impairment of the immune system leading to increased infections and an

increased risk for the development of cancers, including lymphoma. Drug therapy such as zidovudine (AZT)

may temporarily slow the progress of HIV infection, but the disease usually progresses to a fatal

immunodeficiency. Lymphomas in patients with HIV infection are usually treated with chemotherapy or

radiation therapy which may provide a temporary remission but recurrence of the cancer is common.

This study is evaluating bone marrow transplantation as a therapy for both the lymphoma and HIV infection.

In an attempt to prevent HIV infection of the donated bone marrow and destroy any residual HIV infected

cells, we will administer the drug zidovudine (AZT) to you. We will also attempt to boost your immunity to

HIV with a treatment called adoptive immunotherapy.

Most patients infected with HIV initially develop some immunity to the virus provided by lymphocytes which

specifically recognize and kill HIV infected cells. The presence of these lymphocytes in the body appears to

help delay HIV spread and progression to AIDS. The chemotherapy and radiation therapy you will receive to

destroy the lymphoma cells will also destroy your lymphocytes which provide this immunity to HIV.

Therefore, we will attempt to isolate these specific lymphocytes that fight HIV from your blood before the

bone marrow transplant and grow these cells to large numbers in the laboratory. These lymphocytes will be

given back to you after the transplant in an attempt to provide immunity to HIV and prevent the virus from

infecting the new immune system developing from the donated marrow. We will insert a gene into the

lymphocytes to be used in immunotherapy to provide a sensitive indicator of the survival of these cells after

giving them back to you. The process of genetically modifying the lymphocytes involves introducing genetic

material from a mouse virus, a bacterial and a viral gene into the genetic material of the HIV-specific

lymphocytes. Since this is a new experimental therapy, it is possible the transferred lymphocytes might cause

side effects due to inflammation initiated when these transferred lymphocytes contact your residual HIV

infected cells. Therefore, the viral gene inserted into the lymphocytes was selected to make a protein that
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will kill the transferred lymphocytes if they are exposed to the drugs acyclovir or ganciclovir (used to treat

herpes and cytomegalovirus infections). The presence of this gene in the transferred lymphocytes may allow

us to destroy them by giving you ganciclovir if they cause any serious side effects. If the transferred

lymphocytes do not cause any side effects at all, but you require ganciclovir or acyclovir to treat a herpes

virus infection developing after transplant, we will administer your lymphocytes that were not modified by the

gene transfer technique.

As an additional method to try to prevent HIV from spreading to the new donated bone marrow, we will

administer the drug zidovudine. Zidovudine is a drug that has demonstrated some efficacy against HIV,

therefore you will receive this drug beginning prior to the marrow transplant and continuing indefinitely

following the marrow transplant.

PROCEDURES

The procedures you will need to undergo will be described under the three components of this therapy: 1.

Bone marrow transplantation, 2. Zidovudine (AZT) administration, and 3. Adoptive immunotherapy with

genetically modified HIV-specific T cells.

1. Bone marrow transplantation

Prior to bone marrow transplant very high doses of chemotherapy combined with total body

irradiation (TBI) can be given in an attempt to destroy the lymphoma cells. This treatment will also

destroy the normal bone marrow and the blood cells in your body infected with HIV. Bone marrow

from your donor will be given to replace your destroyed marrow.

A history and physical examination, review of your recent medical records, complete blood counts,

appropriate x-ray studies, marrow biopsies, and other laboratory studies as needed to assess the

current lymphoma status will be performed on you within the week before hospitalization. The drug

allopurinol will be given to you several days before transplant to prevent kidney damage when you

receive the chemotherapy and radiation therapy. The drug cyclophosphamide will be given

intravenously to you to reduce the number of malignant lymphoma cells. Total body irradiation (TBI)

also kills malignant cells and prevents you from rejecting the new marrow. TBI will be given to you

at an exposure of 200 rads on each of six days. Bone marrow, obtained from your donor, will be

administered to you intravenously like a blood transfusion. Some doses of methotrexate will be given

into your spinal column (intrathecally) to treat lymphoma cells that might be present in your central

nervous system. If you have a history of central nervous system lymphoma or active lymphoma at

the time of transplant you will receive additional intrathecal methotrexate. Methotrexate schedules

may vary depending on clinical response, blood counts, and other variables. Bone marrow

aspirations, blood counts, and other laboratory tests will need to be done on you frequently in order

to check the response to the treatment. Such testing is standard procedure for patients on

chemotherapy.

2. Zidovudine (AZT) administration

The drug Zidovudine (AZT) will be given to you intravenously (in the vein) beginning approximately

two weeks prior to BMT. At the time of BMT and for at least three weeks thereafter, it will be given

to you intravenously. At the time of discharge, Zidovudine (AZT) will be given to you as an oral

preparation to be taken for an indefinite period of time. Blood samples will be drawn on you as

frequently as every two weeks for the first three months to determine drug levels, potential toxicity,

and the status of HIV infection. Thereafter, blood samples will be drawn on you every three months.
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Bone marrow samples from you will be tested for evidence of HIV five times during the initial period

of transplantation, then every three months for the next year. In addition, spinal fluid samples from
you will be obtained prior to the transplant and twice afterwards.

3. Adoptive immunotherapy with genetically modified HIV specific T cells

A blood sample (60 ml, approximately four tablespoons) drawn from your arm vein or Hickman
catheter is required approximately three months before the bone marrow transplant. This sample will

provide us with your lymphocytes from which we will isolate those that specifically recognize and kill

HIV infected cells. These cells will be grown in the laboratory, modified by gene transfer

techniques, and expanded to large numbers to be given back to you following the bone marrow

transplant. You will be eligible to receive post transplant infusions of genetically modified HIV-

specific T cells beginning after engraftment has occurred (usually 28-35 days post transplant). HIV
immune lymphocytes will be infused intravenously through your Hickman catheter every two weeks

for a total of four infusions. Each infusion will take 30 to 60 minutes and you will be monitored

during and for two hours after the infusion. This monitoring includes checking your heart rate, blood

pressure, temperature, respiratory rate and checking blood oxygen saturation by oximetry (this

measures oxygen by a surface sensor and does not require an arterial puncture). Blood samples (50

mls/sample, 10 teaspoons) are required from you prior to each infusion, one and seven days after

each infusion, monthly for four months and every two months for six months following completion of

immunotherapy.

If you do not experience toxicity from T cell infusions but require ganciclovir or acyclovir therapy for

a herpes virus infection which may destroy the genetically modified T cells, repeat infusions of your

unmodified T cells may be given to you.

RISKS, STRESS OR DISCOMFORT

The side effects, and possible risks of this treatment will be discussed for each of the three components of this

therapy.

1. Bone Marrow Transplantation

Cyclophosphamide may cause nausea, vomiting, diarrhea, oral sores (mucositis), temporary hair

loss, temporary bladder irritation and, at times, bleeding from the bladder. A small portion of

patients may have prolonged bladder damage and bleeding. Cyclophosphamide also causes decreased

immunity which may result in increased infections for several months following the transplant. Heart

damage may occur in a small number of patients.

Total body irradiation may cause nausea, vomiting, diarrhea, and painful swelling of the parotid

gland for a few days. Temporary hair loss also occurs. The TBI will destroy both the lymphoma

and your normal marrow, leading to a disappearance of red blood cells, white blood cells, and

platelets. To do this, irradiation must be administered in exposures which would be lethal without

subsequent marrow transplantation. The temporary absence of these blood products produces a risk

of anemia, infection, and/or bleeding which will persist until your marrow transplant begins to

function. Blood transfusion will be provided to you as needed. There is a risk that your marrow

transplant will not function adequately. There is a small risk that the marrow may not properly

engraft in you. This could lead to serious, perhaps fatal bleeding or infectious complications. You

might need a second marrow transplant should such graft problems develop.
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Methotrexate is administered intrathecally (into the spinal column) in an effort to prevent recurrence

of lymphoma in the central nervous system. Intrathecal injections may result in nausea and/or

vomiting in some patients. The combination of total body irradiation and methotrexate administered

intrathecally (into the spinal column) may lead to severe central nervous symptoms in a very small

number of patients. The risk of this complication is highest for patients who have had previous

central nervous system therapy and/or disease. This complication can lead to brain damage, lasting

paralysis and even death.

ADDITIONAL RISKS

a) There is a possibility that your lymphoma may recur even if the transplant is successful.

b) In addition to the above risks, there is a risk of organ failure, including heart, kidney, lung,

brain, liver, or other body parts. This risk is increased if you have already had significant

chemotherapy and/or radiation therapy.

c) There is a risk that cataracts may develop in your eye(s).

d) The irradiation dose used will probably result in sterility. Even if sterility does not occur,

there is a major risk of genetic damage to any future offspring of yours.

e) As with any chemotherapy administration, in drawing blood samples the insertion of the

needle may cause temporary discomfort and a bruise may form at the point where the needle

enters the vein. Painful oral sores (mucositis) develop after cyclophosphamide and TBI but

generally resolve with return of adequate white blood cell counts.

f) There may be some as yet unknown consequences to you (or your embryo or fetus should you

become pregnant) from the use of TBI, cyclophosphamide, methotrexate treatments, and/or

other procedures outlined here.

The complications of BMT, including infections, visual impairment and seizures may be worse

because of HIV-1 infection. In addition, there is the possibility that the HIV infection may be worse

because of the transplant.

2. Zidovudine Administration

Zidovudine (AZT) may cause headaches, suppression of white blood cells, and suppression of red

blood cells (anemia). Rash, fever, tremor and changes in mental function have also been reported

which resolve with discontinuation of the drug. In lab animals, liver and kidney toxicity has been

observed at very high doses. In addition, a limitation of Zidovudine (AZT) is that it may have to be

taken indefinitely in order to prevent re-infection of the new marrow cells by HIV-1. If the drug has

to be discontinued because of life-threatening toxicities, or because you fail to take the medication on

the prescribed basis, the new marrow is at increased risk for HIV-1 reinfection. It is not known if

Zidovudine (AZT) will have adverse effects on this BMT process, or if it will possibly prevent

engraftment of the donor marrow (if this occurs, the outcome is potentially fatal).

3. Adoptive Immunotherapy with Genetically Modified HIV-specific T Lymphocytes

Large doses of highly activated lymphocytes have been given intravenously to cancer patients as a

form of cancer therapy with no severe toxicities attributed to the T cell infusions. Minor toxicities

have been observed and include: fever and chills in the majority of patients, headaches and nausea in

a minority of patients. At our center, we have administered lymphocytes specific for cytomegalovirus

to patients following bone marrow transplant. There were no toxicities observed in these patients and

the infusions could be given in the outpatient department. However, it is possible that HIV-specific

lymphocytes could cause side effects if they induce severe inflammation in organs such as the brain or
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lungs where residual HIV infected cells may be present. These could include headache, seizures,

coma, shortness of breath and respiratory failure. The HIV-specific lymphocytes have been
genetically modified to allow us to study the survival of these cells in your body and to provide a

means of destroying these cells if they cause serious side effects. The genetic modification is the

result of insertion of a gene into the cells by a special laboratory technique. This involves using a

virus which cannot grow in the cells to carry the gene into the cells and then selecting the genetically

modified cells in culture.

There are some potential risks to this procedure. Even though the virus used to insert the gene into

your lymphocytes cannot grow and is considered harmless to you, it is possible that events could

occur within the cell that allow the virus to grow or cause the cell to become cancerous. To
minimize this possibility, the gene modified lymphocytes will be tested and if any abnormalities are

found, they will not be used in therapy. However, it is possible the marked cells could become
abnormal after they have been injected and there is a remote possibility that the altered lymphocytes

that we administer could cause a tumor. In animal experiments, virus production or the development

of cancer has not been observed greater than two years after treatment. Finally, the inserted gene

produces a protein that inactivates certain antibiotics. Several other antibiotics are available that will

not be inactivated and would be effective in treating bacterial infections.

The procedure used to genetically modify the HIV-specific lymphocytes is called retroviral-mediated

gene transfer and has only been used before in very few human patients. Because gene modification

is relatively new, it is possible that despite our extensive efforts, it may cause some unforeseen

problems to occur including the possibility that death may occur.

The HIV-specific T lymphocytes are cultured in sterile media containing human serum to ensure

optimal cell growth. The serum is obtained from blood donors who are screened and shown to be

negative for hepatitis and the AIDS virus. Only donors who meet all the requirements to provide red

blood cell or platelet transfusions to you are used as serum donors, however as with the transfusion of

any blood products, there is a risk of hepatitis and a theoretical risk of transmitting HIV. The

cultures of HIV-specific T cells are continuously monitored for contamination with microorganisms

including your HIV and would be discarded if this occurs. It is still possible that undetected

pathogens could be administered with the T cells and cause fever, chills, drop in blood pressure

and/or life threatening infection.

POTENTIAL BENEFITS

Bone marrow transplantation enables physicians to use extremely high doses of chemotherapy and irradiation

that may eradicate the cancer from you.

Zidovudine (AZT) prevents replication of HIV-1, but does not kill the virus once it has infected a cell. It

will not necessarily clear the HIV-1 viral infection from the tissues already infected, but will reduce the

probability of the "new" (donated) immune cells from being infected.

The HIV-specific lymphocytes are able to kill cells already infected with the virus and it is hoped they will

provide additional antiviral effects to those observed with AZT. Adoptive immunotherapy is effective therapy

for many viral diseases in animal models and might provide long-lasting immunity to HIV.

[638] Recombinant DNA Research, Volume 15



You may not personally benefit from the study, but knowledge will be gained from it that may benefit others.

ALTERNATIVES

There are no known standard or effective therapies available for patients with both positive HIV-1 antibody

and certain lymphomas. There are multiple medical centers using experimental and approved antiviral agents

for patients with HIV infection, and also cancer chemotherapy for persons with lymphomas, but these

therapies are not currently used in conjunction with transplantation. There is a study at our center evaluating

transplantation and AZT without adoptive immunotherapy for HIV seropositive patients with lymphoma.

OTHER INFORMATION

Your HIV antibody tests results will be held in strictest confidence and no identifying information of any kind

will be released to any other person or agency without your specific written permission except as required by

law or court order. Test results will become a part of the medical record, and the medical record is available

to other medical staff. Confidentiality will be protected in the reporting of results.

You are not allowed to participate in this protocol if you are pregnant or breastfeeding and you are required

to use appropriate contraception or abstinence if you are of childbearing potential.

This treatment is being undertaken for the above described fatal disease. In agreeing to participate in a

research program you are choosing to receive therapy that is not yet available outside of research institutions.

This therapy is based on laboratory studies and/or exchange of information with other research centers.

Although we hope it will benefit your condition, there is no assurance that it will do so, and it is possible that

you may have unfavorable complications which might also be fatal. A maximum of 15 patients will be

enrolled in this study.

Significant new findings that may affect your decision to participate will be disclosed.

Your decision to participate in this study is voluntary and you may withdraw your consent at any time, for

any reason, without notice and without prejudice. However, withdrawal from this study during conditioning,

without the transplant, may be fatal.

It is understood that all medical expenses relating to, or arising from, these procedures will be paid by you

and/or your insurance company. Financial compensation is not available in the event of physical injury,

adverse effects, or death resulting from this research project. Medical care will be authorized by the

attending physician. You and/or your insurance company will be responsible for all costs arising from the

medical care. Isolation, culture, and administration of lymphocytes for adoptive immunotherapy will be done

at no cost to you or your insurance company.

In order to evaluate the results of this study, your medical records will need to be available to other

physicians and researchers associated with the research project. The Food and Drug Administration,

Burroughs Wellcome Co., Immunex Corporation and the National Institutes of Health will also have access to

this information. Precautions to maintain confidentiality will be taken. Your personal identity will not be

revealed in any publication or results. Study records will be maintained indefinitely for the purpose of

analysis and follow-up.

If you have questions about the research please contact your attending physician. If you have any questions
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about your rights as a research participant, please contact Karen Hansen in the Institutional Review Office of

the Fred Hutchinson Cancer Research Center at 206/667-4867.

Investigator’s Statement

I have provided an explanation of the above research program. The subject was given an opportunity to

this consent form has been given to the subject.

Investigator’s Signature /Date

Subject’s Statement

I agree to this study and to the conditions outlined in the Basic Oncology Consent Form which I have read

and signed. I have had an opportunity to ask questions of the physicians, including questions about risks,

benefits and alternatives to treatment. These questions have been answered to my satisfaction. I understand

future questions I may have about my rights as a research subject will be answered by the person identified

above. No promises or guarantees have been made regarding the anticipated outcome of any tests or

procedures. I am aware that I and/or my insurance carrier is responsible for the costs incurred in the therapy

provided, including adverse effects. I give permission for my medical records to be available to physicians

and personnel for this study at the University of Washington and the Fred Hutchinson Cancer Research

Center, as well as the Food and Drug Administration, Burroughs Wellcome Co., Immunex Corporation, and

the National Institutes of Health. I understand that my medical records will be kept confidential but that

members of the health care team will access to these results and records. I acknowledge that I will receive a

signed copy of this consent form.

Patient /Date Witness /Date

Parent/legal guardian

[for patients < 18 years old]

/Date Other parent/legal guardian

[if reasonably available]

/Date

#696A - 10/08/91

Copies: Patient, Medical File, Research File
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THE FRED HUTCHINSON CANCER RESEARCH CENTER
AND THE UNIVERSITY OF WASHINGTON SCHOOL OF MEDICINE

DEPARTMENT OF MEDICINE, DIVISION OF ONCOLOGY

Consent to Participate in the Use of Cyclosporine for the Prevention of Graft-Versus-Host Disease after

Bone Marrow Transplantation

Investigators: S.R. Riddell, M.D., Assistant Member, FHCRC, 667-5249; P.D. Greenberg, M.D., Professor

of Medicine and Immunology UW, Member FHCRC; R.W. Overell, Ph.D., Immunex Corporation; T.P.

Loughran, M.D., Associate Member FHCRC; M.J. Gilbert, M.D., Senior Fellow, FHCRC; S.D. Lupton,

Ph.D., Immunex Corporation; J.M. Agosti, M.D., Immunex Corporation, S. Scheeler, Immunex

Corporation, R.W. Coombs, M.D., Assistant Professor of Medicine, UW; L. Corey, M.D., Professor of

Medicine, UW.

24 hour phone: 667-5001

Attending physician: Phone:

BACKGROUND AND PURPOSE

Graft-versus-host disease (GVHD) is a disease which is due to an immune reaction of donor cells against

patient tissue cells. This disease develops after bone marrow transplantation. Many organs of the body (skin,

eyes, mouth, hair, liver, esophagus, joints and bowel) may be damaged by this disease. Without treatment,

most patients develop recurrent infections which may become fatal. Those who survive may be severely

disabled from progressive hardening of the skin, contractures of the joints, drying of the eyes and weight

loss.

The drug cyclosporine is given after marrow transplantation in an attempt to prevent or reduce the severity of

GVHD. This drug suppresses the immune system. There is some evidence from other transplantation

situations in both animals and humans that treatment with drugs which suppress the patient’s immune system

may prevent GVHD when given early after the transplant procedure. It is not known exactly for how long

the administration of drugs is necessary before they can be discontinued without the patient developing signs

of GVHD. Studies which have been done to date, however, indicate that the administration of cyclosporine

during the first 5-6 months after transplantation has been beneficial.

PROCEDURES

Cyclosporine is given by vein twice a day, starting on the day before marrow infusion and for the first few

weeks after transplantation when patients are usually not able to take medications by mouth. As soon as you

are able to do so, cyclosporine will be switched to an oral preparation to be given twice a day. The dose of

cyclosporine will be slowly reduced over a 6-month period. Dose adjustments may also be made depending

on the side effects experienced (i.e., kidney function problems) and/or your condition. In some cases, a dose

may not be given.

Routine laboratory tests will be done frequently to check the response to treatment. Such testing is standard

procedure for patients undergoing a marrow transplant. Other diagnostic tests may be carried out depending

on your clinical condition.
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RISKS, STRESS OR DISCOMFORT

Cyclosporine is a very effective drug but may have several side effects. The immediate effects of this drug

may include nausea or vomiting when given orally. Other side effects include the possibility of developing

high blood pressure (hypertension), shaking of the hands (tremor), increased hair growth and possibly an

effect on mental function. These effects are generally reversible upon decreasing the dose of the drug. An
occasional patient has had a seizure but it is unclear whether cyclosporine, other drugs, or a combination of

drugs was responsible. Some patients given intravenous cyclosporine for the treatment of GVHD experienced

painful sensation in hands or feet or both. The pain subsided with the improvement of the GVHD or when
the cyclosporine was switched from the intravenous to the oral form.

Because cyclosporine suppresses the immune system, there is a possibility that it could enhance HIV
replication.

Patients may experience a change of liver or kidney function, in which case, the dose will be reduced or

possibly even withheld. This effect on kidneys seems to increase when other drugs which might cause kidney

problems are given at the same time, especially antibiotics. Occasionally the kidney damage caused may
require the use of an artificial kidney (hemodialysis).

Blood samples are drawn frequently to follow the treatment and the course of events. The risk is limited to

the discomfort at the site of needle insertion, although most of the time blood will be withdrawn through the

central catheter which is already in place in nearly all patients.

There may be some as yet unknown consequences of cyclosporine to you (or your embryo or fetus should

you become pregnant).

BENEFITS

This therapy has the potential to prevent and treat GVHD and prolong your life, but it may also be of no

benefit and may possibly have injurious effects.

ALTERNATIVES

You may choose not to have any preventative therapy for GVHD. However, there is considerable potential

risk if no therapy is used. There are other potential therapies under investigation.

OTHER INFORMATION

This study will be conducted as described in the Basic Oncology Consent Form. You will be informed of any

new findings on the treatment of GVHD. It is understood that all medical expenses relating to, or arising

from these procedures will be paid by you and/or your insurance company. Financial compensation is not

available for this treatment or in the event of physical injury or death resulting from this research project.

Your decision to participate in this study is voluntary and you may withdraw your consent at any time, for

any reason, without notice and without prejudice.

In order to evaluate the results of this study, your medical records will need to be available to other
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physicians and researchers associated with the research project. The Food and Drug Administration, Sandoz

Company (which manufactures the drug) and the National Cancer Institute may also have access to this

information. All precautions to maintain confidentiality of medical records will be taken. Your personal

identity will not be revealed in any publication or results. Study records will be maintained indefinitely for

the purpose of analysis and follow-up.

If you have any questions about your rights as a research participant, please contact Karen Hansen in the

Institutional Review Office of Fred Hutchinson Cancer Research Center at 667-4867.

Investigator’s Statement

I have provided an explanation of the above research program. The subject was given an opportunity to

discuss the procedures, including possible alternatives, and to ask any additional questions. A signed copy of

this consent form has been given to the subject.

Investigator’s Signature /Date

Subject’s Statement

I agree to this study and to the conditions described in the Basic Oncology Consent Form which I have read

and signed. I understand that the Food and Drug Administration and personnel from Sandoz Company may
review medical records involving an investigational drug, including material with identifying information.

I have had an opportunity to ask questions and I understand that future questions I may have about the

research will be answered by one of the investigators listed above and that any questions I have about my
rights as a research subject will be answered by the person identified above.

I am aware that I and/or my insurance carrier is responsible for the costs incurred in the therapy provided,

including adverse effects. I acknowledge that I will receive a signed copy of this consent form.

Patient /Date Witness /Date

Parent/legal guardian /Date Other parent/legal guardian /Date

[for patients < 18 years old] [if reasonably available]

meC - 10/08/91

Copies: Patient, Medical Records, Research File
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THE FRED HUTCHINSON CANCER RESEARCH CENTER
AND THE UNIVERSITY OF WASHINGTON SCHOOL OF MEDICINE

DEPARTMENT OF MEDICINE, DIVISION OF ONCOLOGY

Consent to Donate Blood and a Skin Biopsy for a Study of Adoptive Immunotherapy as Treatment for

HIV Infection - Bone Marrow Donor

Investigators: S.R. Riddell, M.D., Assistant Member, FHCRC, 667-5249; P.D. Greenberg, M.D., Professor

of Medicine and Immunology, UW, Member, FHCRC; R.W. Overell, Ph.D., Immunex Corporation; T.P.

Loughran, M.D., Associate Member, FHCRC; M.J. Gilbert, M.D., Senior Fellow, FHCRC; S.D. Lupton,

Ph.D., Immunex Corporation; J.M. Agosti, M.D., Immunex Corporation, S. Scheeler, Immunex
Corporation, R.W., Coombs, M.D., Assistant Professor of Medicine, UW; L. Corey, M.D., Professor of

Laboratory Medicine/Medicine, UW.

24-hour emergency phone: 667-5001

BACKGROUND AND PURPOSE

Bone marrow transplantation is potentially curative therapy for patients with malignant lymphoma. However,

for patients who are seropositive for HIV indicating infection with this virus, the ultimate success of the

transplant procedure will depend on successful eradication of HIV in the recipient’s body. The chemotherapy

and radiation therapy the recipient will receive prior to the transplant will destroy the recipient’s bone marrow

and blood cells, which are major reservoirs of HIV infection. In order to prevent the spread of HIV to the

donor bone marrow, we are evaluating the use of the antiviral drug zidovudine (AZT) and a treatment called

adoptive immunotherapy to boost the recipient’s immunity to HIV following the bone marrow transplant.

The adoptive immunotherapy part of this treatment will require isolating blood cells called T lymphocytes

which can recognize and kill HIV infected cells from the bone marrow transplant recipient approximately

three months prior to transplant. These T lymphocytes are not infected with HIV and will kill cells that are

infected with the virus. However, to grow these cells in culture to the numbers required to reconstitute

immunity to HIV in the bone marrow transplant recipient, will require additional lymphocytes which are

irradiated and used as feeder cells for the T cell cultures. You, the bone marrow donor, are the best source

of these lymphocytes since you are HLA matched with the recipient. We will also be monitoring the

reconstitution of immunity to HIV and other viruses following the bone marrow transplant. To do this, it is

necessary to have other cells in the laboratory that are of the same HLA type or "matched" with those of the

bone marrow transplant recipient. These cells can be derived from a blood sample and a skin biopsy.

PROCEDURES

We will begin to grow the HIV-specific T cells from the bone marrow transplant recipient beginning three

months prior to transplant. Therefore, it is necessary to obtain a peripheral blood sample as well as a

leukopheresis from you. In addition, to be ready to monitor recovery of immune responses following the

transplant, we require a skin biopsy which will also be taken from you pretransplant. These procedures are

described below.

Blood drawing: One sample is taken pretransplant by venipuncture of your arm vein using a

small bore (21 or 23 gauge) needle. The volume of blood required is 60 ml (4 Tbls.).

Leukopheresis: You will be required to undergo two leukophereses. Pheresis is a standard

medical procedure where large numbers of selected blood products can be obtained. Each

pheresis requires insertion of a needle into both your arms and takes from one to four hours.
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Leukopheresis will be performed using the pheresis machines at the Fred Hutchinson Cancer

Research Center.

3. Skin biopsy: The skin biopsy will be taken from your skin overlying the posterior pelvic bone

or from your forearm. The skin is thoroughly cleansed, injected with local anesthetic, and

the biopsy obtained using a 3 millimeter skin punch biopsy instrument.

The procedures described above are all standard medical procedures.

RISKS AND DISCOMFORT

There is discomfort at the sites of skin biopsy and also from the insertion of the needle for blood drawing or

leukopheresis. A bruise or hematoma (swelling) at the site of the needle puncture may develop. There is a

slight risk of developing a local infection at the skin biopsy site, and there will be a small scar.

ALTERNATIVES

Should you or the respective transplant recipient choose not to participate in this study, the recipient will be

eligible for a study designed to determine if bone marrow transplantation with the antiviral azidothymidine

can be given safely and assist in the prevention of recurrent HIV infection. If the patient chooses to

participate in this study, they would not be eligible to receive adoptive immunotherapy.

BENEFITS

Participation in this study will permit the evaluation of a new therapy to prevent the spread of HIV infection

following bone marrow transplantation. The goal of this study is to evaluate the safety of reconstituting HIV-

specific immunity in transplant patients early after transplant in the hopes of preventing recurrent HIV
infection in the newly donated bone marrow.

OTHER INFORMATION

Your decision to participate in this study is voluntary, and you may withdraw at any time, for any reason,

without notice and without prejudice. It is understood that all medical expenses related to or arising from

these procedures will be paid by you and/or your insurance company. There will be no cost to you or the

marrow recipient for the skin biopsy, blood draw and the culture of HIV-specific T lymphocytes.

In order to evaluate the results of this study, your medical records will need to be available to other

physicians or researchers associated with this project. The Food and Drug Administration and the National

Cancer Institute will also have access to this information. All precautions to maintain confidentiality of

medical records will be taken. Your personal identity will not be revealed in any publication or results.

Study records will be maintained indefinitely for the purpose of analysis and follow-up.

If you have questions about your rights as a research participant, please contact Karen Hansen in the

Institutional Review Office of the Fred Hutchinson Cancer Research Center at 206-667-4867.

Investigator’s Statement

I have provided an explanation of the above research program. The subject was given an opportunity to

discuss the procedures, including possible alternatives, and to ask any additional questions. A signed copy of

this consent form has been given to the subject.
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Investigator’s Signature /Date

Subjects’ Statement

I agree to this study and to the conditions outlined in the Basic Oncology Consent Form which I have read

and signed. I have had an opportunity to ask questions of the physicians, including questions about risks,

benefits and alternatives to any involvement in this treatment. These questions have been answered to my
satisfaction. I understand future questions I may have about the research will be answered by one of the

investigators listed above and that any questions I have about my rights as a research subject will be answered

by the person identified above. No promises or guarantees have been made regarding the anticipated outcome

of any tests or procedures. I am aware that I and/or my insurance carrier is responsible for the costs incurred

in the therapy provided, including adverse effects. I give permission for my medical records to be available

to physicians and personnel for this study at the University of Washington and the Fred Hutchinson Cancer

Research Center, as well as the Food and Drug Administration and the National Cancer Institute. I

acknowledge that I received a signed copy of this consent form.

Donor /Date

Witness /Date

Parent/Legal Guardian /Date

(for donors < 18 years old)

Other Parent/Legal Guardian /Date

(if reasonably available)

#696D - 10/08/91

Copies: Patient, Medical Records, Research File
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Scientific Abstract

The subject of this proposal is a novel approach to the

therapy of acquired immunodeficiency syndrome (AIDS) , which will

combine the technologies of adoptive immunotherapy and gene

transfer. Autologous CD8 + CTL reactive with HIV antigens will be

cloned in vitro and transduced with the HyTK retrovirus, a

retroviral vector which expresses a novel selectable suicide gene

Following transduction, the HIV-specific CTL will then be

numerically expanded in culture and returned to the donor.

The proposed study will evaluate administration of HyTK-

transduced HIV-specific CTL to HIV seropositive patients

undergoing allogeneic bone marrow transplantation for non-

Hodgkin's lymphoma at the Fred Hutchinson Cancer Research Center

(Seattle, WA)

.

The HyTK retroviral genetic marker will be

employed for analyzing the persistence and function of the

engrafted CTL, and this data will be correlated over time with

levels of host viremia and with other parameters of HIV disease

activity in the host. In addition, the HyTK selectable suicide

gene contained in the vector has been designed to permit in vivo

ablation of the transduced cells in the event that the host

develops serious side effects as a consequence of the CTL therapy

Thus, use of this retroviral vector will facilitate analysis of

the in vivo activity of the transferred clones, and provide

insights for the design of future trials, as well as enhance the

safety margin of the T cell therapy for HIV infection.
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Non-Technical Abstract

Infection with the human immunodeficiency virus (HIV) , the virus
associated with the Acquired Immunodeficiency Syndrome (AIDS) , is
often characterized by gradual impairment of the immune system
leading to increased infections and an increased risk for the
development of cancers, including lymphoma, a cancer of the lymph
node cells. Drug therapy such as zidovudine (AZT) may temporarily
slow the progress of HIV infection, but the disease usually
progresses to a fatal immunodeficiency. Lymphomas in patients
with HIV infection are usually treated with chemotherapy or
radiation therapy which may provide a temporary remission, but
recurrence of the cancer is common. This study is evaluating bone
marrow transplantation as a therapy for both the lymphoma and HIV
infection. Prior to bone marrow transplant very high doses of
chemotherapy combined with total body irradiation (TBI) can be
given in an attempt to destroy the lymphoma cells . This treatment
will also destroy the normal bone marrow and the blood cells
infected with HIV. Donor bone marrow will be given to replace the
destroyed marrow. In an attempt to prevent HIV infection of the
donated bone marrow and destroy any residual HIV infected cells,
we will boost immunity to HIV with a treatment called adoptive
immunotherapy

.

Most patients with HIV initially develop some immunity to the
virus provided by lymphocytes which specifically recognize and
kill HIV infected cells. The presence of these cells in the body
appears to help prevent HIV spread and progression to AIDS. The
chemotherapy and radiation therapy used to destroy the lymphoma
cells will also destroy the lymphocytes providing this immunity to
HIV. Therefore, we will attempt to isolate these specific
lymphocytes that fight HIV from the patient's blood before the
bone marrow transplant and grow these cells to large numbers in
the laboratory. These lymphocytes will be given back to the
patient after the transplant in an attempt to provide immunity to
HIV and prevent the virus from infecting the new immune system
developing from the donated marrow. We will insert a gene into
the lymphocytes to be used in immunotherapy to provide a sensitive
indicator of the survival of these cells after giving them back to
the patient. Since this is a new experimental therapy, it is
possible the transferred lymphocytes might cause side effects due
to inflammation initiated when these cells contact residual HIV
infected cells. Therefore, the gene inserted into the
lymphocytes, termed HyTK, was selected to make a protein that will
kill the cells if they are exposed to the drugs acyclovir or
ganciclovir (used to treat herpes and cytomegalovirus infections)

.

The presence of this gene in the transferred lymphocytes should
allow us to destroy them if they cause any serious side effects by
administering ganciclovir. If the cells do not cause any side
effects at all, but ganciclovir or acyclovir are required to treat
a herpes virus infection developing after transplant, we will
administer lymphocytes that were not modified by the gene transfer
technique

.

[
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DEPARTMENT OF HEALTH AND
HUMAN SERVICES

National Institutes of Health

Recombinant DNA Research: Actions
Under the Guidelines

agency: National Institutes of Health.

PHS. DHHS.
ACTION: Notice of Actions Under the

NIH Guidelines for Research Involving

Recombinant DNA Molecules.

SUMMARY: This notice sets forth eight

actions to be taken by the Director.

National Institutes of Health (NIH).

under the May 7, 1988, NIH Guidelines

for Research Involving Recombinant
DNA Molecules (51 FR 16958).

FOR FURTHER INFORMATION CONTACT:
Additional information can be obtained

from Dr. Nelson A Wivel, Director.

Office of Recombinant DNA Activities

(ORDA), Office of Science Policy and
Legislation, National Institutes of

Health, building 31, room 4B11,

Bethesda. Maryland 20892, (301) 496-

9838.

SUPPLEMENTARY INFORMATION: Today
eight actions are being promulgated
under the NIH Guidelines for Research
Involving Recombinant DNA Molecules.
These eight proposed actions were
published for comment in the Federal

Register of July 2, 1991 (56 FR 30398).

September 3. 1991 (56 FR 43686),

November 4. 1991 (56 FR 56415), and
January 3, 1992 (57 FR 316) reviewed and
recommended for approval by the NIH
Recombinant DNA Advisory Committee
(RAC) at its meeting on February 10-11.

1992.

I. Background Information and
Decisions on Actions Under the NIH
Guidelines

A. Addition ofAppendix D-XXIV to the

NIH Guidelines

In a letter dated October 18, 1991, Dr.

Gary J. Nabel of the University of

Michigan Medical School, Ann Arbor,
Michigan, indicated his intention to

submit a human gene therapy protocol

to the Human Gene Therapy
Subcommittee (HGTS) and the RAC for

formal review and approval. The title of

this protocol is: “Immunotherapy of

Malignancy by In Vivo Gene Transfer
into Tumors." This request was
published for comment in the Federal

Register on November 4, 1991 (56 FR
56415).

The protocol was reviewed during the

Human Gene Therapy Subcommittee
(HGTS) meeting on November 21-22,

1991. Provisional approval was given
with the following conditions: (i) Amend
consent form regarding possibility of

sensitization to the human antigen: (ii)

expand the clinical protocol regarding

the number of biopsies; (iii) make
available the nucleotide sequence
analysis of the total construct of the

vector; and (iv) provide clarification

concerning the status of DNA
integration in tumor cells. Dr. Nabel
submitted the requested documentation
to ORDA. The protocol was then

forwarded to the RAC for consideration

during the February 10-11, 1992,

meeting. This request was published for

comment in the Federal Renter on
January 3. 1992 (57 FR 316).

During the meeting on February 10,

1992, the RAC met to review the

protocol and recommendations from the

HGTS. A modification was requested to

the patient's informed consent document
in the Description of Treatment or

Procedures to be Undertaken section.

The revised wording in the consent form
is to read as follows:

“By using techniques in the laboratory it is

now possible to prepare large amounts of

human DNA or genetic material and bacteria.

This DNA will be mixed with fat bodies

called liposomes, and we plan to transport

the mixture into your tumor by a bacterial

carrier or delivery system.

Also included in this package is a separate

bacterial gene which helps us trace the

location of the DNA liposome mixture. Once
introduced into the tumor the DNA produces

a protein which stimulates tissue rejection.

This protein, known as HLA-B7, causes the

cells which will contain it to be recognized as

a foreign enemy by your immune system.

The purpose of our study is to determine

whether this treatment will induce the cells of

your immune system, known as lymphocytes,

to attack and kill your tumor."

The RAC, by a vote of 13 in favor, 0
opposed, and 1 abstention, approved the

protocol. The following section may be
added to Appendix D:

Appendix D-XXIV

Dr. Gary J. Nabel of the University of

Michigan Medical School, Ann Arbor,

Michigan, can conduct gene therapy

experiments on twelve patients with

melanoma or adenocarcinoma. The patient

population will be limited to adults over the

age of 16 and female patients must be
postmenopausal or have undergone tubal

ligation or orchiectomy. The patient's immune
response will be stimulated by the

introduction of a gene encoding for a Class I

MHC protein. HLA-87, in order to enhance
tumor regression. DNA/liposome-mediated
transfection techniques will be used to

directly transfer the foreign gene into tumor

cells. HLA-B7 expression will be confirmed

in vivo and the immune response stimulated

by the expression of this antigen will be
characterized.

These experiments will be analyzed for

their efficacy in treating cancer.

I accept this recommendation and
appendix D-XXIV of the NIH Guidelines

will be added accordingly.

B. Addition of Appendix D-XXV to the

NIH Guidelines

In a letter dated October 10, 1991, Dr.

Kenneth Cometta of Indiana University,

Indianapolis, Indiana, indicated his

intention to submit a human gene
transfer protocol to the HGTS and the

RAC for formal review and approval.

The title of this protocol is: “Retroviral-

Mediated Gene Transfer of Bone
Marrow Cells During Autologous Bone
Marrow Transplantation for Acute
Leukemia." This request was published

for comment in the Federal Register on
November 4, 1991 (56 FR 56415).

The protocol was reviewed during the

HGTS meeting on November 21-22,

1991. Provisional approval was given

with the following conditions: (1) Amend
the consent form regarding the possible

benefit of the introduction of the gene;

(ii) amend the consent form regarding

compensation to the patient related to

the research aspects of the protocol; (iii)

demonstrate that the transduced

leukemic cells will survive the freezing

process; and (iv) add a statistical

section that addresses the interpretation

of recurrence of disease in labeled bone .

marrow specimens; it is important to

determine how many cells contribute to

a relapse. Dr. Cometta submitted the

requested documentation to ORDA. The
protocol was then forwarded to the RAC
for consideration during the February

16-11, 1992, meeting. The request was
published for comment in the Federal

Register on January 3, 1992 (57 FR 316).

During the meeting on February 11,

1992, the RAC met to review the

protocol and recommendations from the

HGTS. It was decided that the issues

raised by the HGTS had been

adequately addressed. The RAG by a

vote of 15 in favor, 1 opposed, and no

abstentions, approved the protocol. The
following section may be added to

appendix D:

Appendix D-XXV

Dr. Kenneth Cometta of Indiana

University, Indianapolis, Indiana, can

conduct gene transfer experiments on up to

10 patients with acute myelogenous leukemia

(AML) and up to 10 patients with acute

lymphocytic leukemia (ALL). The patient

population will be limited to persons between

18 and 65 years of age. Using the LNL-6
vector, autologous bone marrow cells will be

marked with the neomycin resistance gene.

Gene marked and untreated bone marrow
cells will be reinfused at the time of bone

marrow transplantation. Patients will then be

monitored for evidence of the neomycin

resistance gene in peripheral blood and bone

marrow cells in order to determine whether
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relapse of their disease is a result of residual

malignant cells remaining in the harvested

marrow, or inadequate ablation of the tumor
cells by chemotherapeutic agents.

Determining the source of relapse may
indicate whether or not purging of the bone
marrow is a necessary procedure for these

leukemia patients. Further studies will be
performed in order to determine the

percentage of leukemic cells that contain the

LNL—6 vector and the clonality of the marked
cells.

I accept this recommendation and
Appendix D-XXV of the NIH Guidelines

will be added accordingly.

C. Addition ofAppendix D-XXVI to the

NIH Guidelines

In a letter dated October 15, 1991, Dr.

lames S. Economou of the University of

California, Los Angeles, indicated his

intention to submit a human gene
transfer protocol to the HGTS and the

RAC for formal review and approval.

The title of this protocol is: "The
Treatment of Patients With Metastatic

Melanoma and Renal Cell Cancer Using
In Vitro Expanded and Genetically*

Engineered (Neomycin
Phosphotransferase) Bulk, CD8{+) and/
or CD4{+ ) Tumor Infiltrating

Lymphocytes and Bulk, CD8(+) and/or
CD4(+) Peripheral Blood Leukocytes in

Combination With Recombinant
Interleukin-2 Alone, or with
Recombinant Interleukin-2 and
Recombinant Alpha Interferon.” This
request was published for comment in

the Federal Register on November 4,

1991 (56 FR 56415).

The protocol was reviewed during the
HGTS meeting on November 21-22,

1991. Provisional approved was given
with the following conditions: (i) All
data concerning vector safety and
testing must be submitted; (ii) patient

eligibility will be limited to those with at
least one lesion that can be biopsied
post therapy; (ii) the schedule for the
post therapy assessment of cell

trafficking is to be added; (iv) develop a
statistical section for analysis of cell

trafficking; (v) submit proportionality

experiments demonstrating the limit* of
the ability to quantitate differences in

ratio of the two vectors; (vi) submit data
showing stable integration of the genetic
markers in chronic cell cultures; (vii)

modify the consent form so that the
language concerning biopsies is moved
from the biomodulator section to the
viral marker section; and (viii) include a
stopping rule in the protocol if the in

vivo trafficking data is uninterpretable.

Dr. Economou submitted the requested
documentation to ORDA. The protocol
was forwarded to the RAC for

consideration during the February 10-11,

1992, meeting. The request was

published for comment in the Federal

Register on January 3, 1992 (57 FR 316).

During the meeting on February 11,

1992, the RAC met to review the

protocol and recommendations from the

HGTS. It was decided that the issues

raised by the HGTS had been
adequately addressed. The RAC, by a
vote of 15 in favor, 0 opposed and no
abstentions, approved the protocoL The
following section may be added to

appendix D:

Appendix D-XXVI

Dr. James S. Economou of the University of
California, Los Angeles, can conduct gene
transfer experiments on 20 patients with
metastatic melanoma and 20 patients with
renal cell carcinoma. These patients will be
treated with various combinations of tumor-

infiltrating lymphocytes and peripheral blood
leukocytes. Including CDS and CD4 subsets of

both types of cells. These effector cell

populations will be given In combination with
interleukin-2 (IL-2) in the melanoma patients

and IL-2 plus alpha interferon in the renal

cell carcinoma patients. The effector cells

will be transduced with the neomycin
resistance gene using either the LNL8 or GIN
retroviral vectors. This “genetic marking” of

the tumor-infiltrating lymphocytes and
peripheral blood lymphocytes is designed to

answer questions about the trafficking of

these cells, their localization to tumors, and
their in viro lifespan.

I accept this recommendation and
Appendix D-XXVI of the NIH
Guidelines will be added accordingly.

D. Addition ofAppendix D-XXVII to the

NIH Guidelines

In a letter dated October 8, 1991, Dr.

Philip D. Greenberg of the University of

Washington, Seattle, Washington,
indicated his intention to submit a
human gene therapy protocol to the

HGTS and the RAC for formal review
and approval. The title of this protocol

is: “A Phase I/II Study of Cellular

Adoptive Immunotherapy Using
Genetically Modified CD8 + HIV-
Specific T Cells for HTV-Seropositive
Patients Undergoing Allogeneic Bone
Marrow Transplant" This request was
published for comment in the Federal

Register on November 4, 1991 (56 FR
56415).

Hie protocol was reviewed during the

HGTS meeting on November 21-22,

1991. Approval was given with the

following requested changes in the

patient consent form: (i) Reword the

language regarding unforeseen
problems; (ii) reword the language
concerning the costs associated with the

research aspects of the protocol and
billing to the patients; (iii) clearly

distinguish between the therapy and the

gene modification portions of the

protocol; (iv) use less technical

terminology throughout the document;

and (v) provide hard copies of the

helper-virus assay and vector testing

slides presented during the HGTS
meeting. Dr. Greenberg submitted the

requested documentation to ORDA. The
protocol was forwarded to the RAC for

consideration during the February 19-11,

1992, meeting. The request was
published for comment in the Federal

Register on January 3, 1992 (57 FR 318).

During the meeting on February 11,

1992, the RAC met to review the

protocol and recommendations from the

HGTS. It was decided that the issues

raised by the HGTS had been
adequately addressed. The RAC, by a

vote of 16 in favor, 0 opposed, and no
abstentions, approved the protocol. The
following section may be added to

appendix D.

Appendix D-XXVII

Dr. Philip D. Greenberg of the University of

Washington, Seattle, Washington, can

conduct gene transfer experiments on up to

15 HTV seropositive patients undergoing

allogeneic bone marrow transplantation for

non-Hodgkin's lymphoma to evaluate the

safety and efficacy of HIV-specific cytotoxic

T lymphocyte (CTL) therapy. CTL will be
transduced with a retroviral vector (HyTK)
encoding a gene that is a fusion product of

the hygromydn phosphotransferase gene

(HPH) and the herpes virus thymidine kinase

(HSV-TK) gene. This vector will deliver both

a marker gene and a suicide gene in these T
cell clones in the event that patients develop

side effects as a consequence of CTL therapy.

Data will be correlated over time, looking at

multiple parameters of HIV disease activity.

The objectives of these studies indude

evaluating the safety and toxidty of CTL
therapy, determining the duration of in vivo

survival of HIV-specific CTL done*, and
determining if ganddovir therapy can

eradicate genetically modified, adoptively

transferred CTL cells.

I accept this recommendation and
appendix D-XXVH of the NIH
Guidelines will be added accordingly.

K Amendment to Appendix D-XV ofthe

NIH Guidelines

In a letter dated December 20, 1991,

Drs. R. Michael Blaese and W. French

Anderson of the National Institutes of

Health, Bethesda, Maryland, requested

an action item concerning a major
amendment to the protocol entitled,

"Treatment of Severe Combined
Immunodeficiency Disease (SOD) due

to Adenosine Deaminase (ADA)
Deficiency With Autologous
Lymphocytes Transduced With a

Human ADA Gene.” This protocol was
originally approved by the RAC at its

meeting on July 31, 1990, and approved

by the Director, NIH, published in the

Federal Register on September 12, 1990

(55 FR 37565).
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The requested amendment would use
CD-34+ cells (the peripheral blood stem
cell fraction) transduced with the gene
coding for adenosine deaminase (ADA)
as a supplemental therapy for patients

with ADA deficiency. The request was
published for comment in the Federal

Register on January 3, 1992 (57 FR 316),

and a correction notice published in the

Federal Register on July 18, 1991 (56 FR
33174).

During the meeting on February 10-11,

1992, the RAC met to review this

amendment to the protocol. The RAC,
by a vote of 11 in favor, 3 opposed and 2

abstentions, approved the amendment
to the protocol. The following section

may be appended to appendix D-XV:

Appendix D-XV

In addition to the conditions outlined in the

initial approval, patients may be given a

supplement of CD 34+ enriched periphe.J
blood lymphocytes (PBL) which have been
placed in culture conditions that favor

progenitor cell growth. This enriched

population of cells will be transduced with

the retroviral vector, GlNaSvAd. GlNaSvAd
is similar to LASN, yet distinguishable by the

polymerase chain reaction (PCR). LASN has
been used to transduce peripheral blood T
lymphocytes with the ADA gene.

Lymphocytes and myeloid cells will be
isolated horn patients over time and assayed
for the presence of the LASN or GlNaSvAd
vectors. The primary objectives of this

protocol are to transduce CD34+ peripheral

blood cells with the adenosine deaminase
gene, administer these cells to patients, and
determine if such cells can differentiate into

lymphoid and myeloid cells in vivo. There is

a potential for benefit to the patients in that

these hematopoietic progenitor cells may
survive longer, and divide to yield a broader
range of gene-corrected cells.

I accept this recommendation and
appendix D-XV of the NIH Guidelines

will be amended accordingly.

F. Amendment to Sections Ul-A and IV-
C of the NIH Guidelines Regarding
Notice ofMeeting andProposed
Actions: Amendment to Introduction,

Parts II, and V ofthe Points to Consider
Regarding Review by the Human Gene
Therapy Subcommittee

During the HGTS meeting on July 30-

31, 1991, a Working Group on the Future
Role of the Recombinant DNA Advisory
Committee was established to prepare a

report about the feasibility of merging
the HGTS and the RAC. This request

was published for comment in the

Federal Register on November 7, 1991

(56 FR 56415).

The HGTS received a report from this

working group during its meeting on
November 21-22, 1991, which
recommended that: (i) All eligible HGTS
members be added to the RAC as full

voting members: or (ii) all of the HGTS

members be added to the RAC as non-

voting members; or (iii) joint meetings

would be held in which the HGTS would
vote on the proposed action first

followed by the full RAG During the

meeting, the following motion passed by
a vote of 11 in favor, 2 opposed, and no
abstentions:

We move to recommend to the

Recombinant DNA Advisory Committee, that

its subcommittee, the Human Gene Therapy
Subcommittee, be merged into the parent

committee. The number of meetings per year

of the Recombinant DNA Advisory

Committee would increase to four per year.

There would be a transition period of one
year in which the Recombinant DNA
Advisory Committee would begin to review

proposed actions as the sole review group.

The following provisions would apply: (i) The
Human Gene Therapy Subcommittee would
codify a set of guidelines for shortening the

review process, and (ii) the eligible members
of the Human Gene Therapy Subcommittee

would be brought onto the Recombinant DNA
Advisory Committee as full voting members
in keeping with the nomination process for

Federal Advisory Committees.

The HGTS forwarded the proposal to

the RAC for consideration during the

February 10-11, 1992, meeting.

In a letter dated December 23, 1991,

Dr. Nelson Wivel, Director, Office of

Recombinant DNA Activities, National

Institutes of Health, Bethesda,

Maryland, stated that amendments will

need to be made to the NIH Guidelines

in sections m-A and IV-C and to the

Points to Consider in the Design and
Submission of Protocols for the Transfer

of Recombinant DNA into the Genome
of Human Subjects in the Introduction,

Parts II, and V, in the event that the

HGTS recommendations are accepted. If

the recommendation on having more
meeting dates to accommodate the

expected increase in human gene
transfer/therapy protocols is accepted,

the Notices of Meeting and Proposed
Actions will need to be changed from

thirty days to fifteen days to allow

expedited review. Changes are required

in Sections m-A and IV-C of the NIH
Guidelines. If the recommendation to

have the HGTS merge into the parent

committee is approved, all references to

the HGTS will need to be deleted in the

Points to Consider, in the Introduction,

and Parts IL and V.
These requests were published for

comment in the Federal Register on
January 3, 1992 (57 FR 316).

During the meeting on February 10,

1992, the RAC met to review the

requests of the HGTS and Dr. Wivel.

The RAG by a vote of 14 in favor. 0

opposed and no abstentions, approved:

(1) To eliminate review of the human
gene transfer/therapy protocols by the

HGTS: this established sole review of

the protocols by the RAC: and (2) to

change all references to thirty day
Notice of Meeting and Proposed Actions
to fifteen days. The RAC also

recommended increasing the number of 1

times the committee meets from three

times a year to four times a year.

The following sections will be
amended In the NIH Guidelines:

Sections m-A IV-C-l-b-{l), section

IV-C-2, section IV-C-3-b-(l). section

IV-C-3-b-{2)). The amended sections

will read:

Section IH-A. Experiments That Require

RAC Review and NIH and IBC Approval
Before Initiation

Experiments in this category cannot be

initiated without submission of relevant

information on the proposed experiment to

NIH, the publication of the proposal in the

Federal Register for 15 days of comment,
review by the RAG and specific approval by
NIH. The containment conditions for such

experiments will be recommended by the

RAC and set by NIH at the time of approval.

Such experiments also require
* * *.

Section IV-C-l-b-{l). Major Actions. To
execute major actions, the Director. NIH,

must seek the advice of the RAC and provide
|

an opportunity for public and Federal agency

comment Specifically, the agenda of the RAC s

meeting citing the major actions will be

published in the Federal Register at least 15
j

days before the meeting, and the Director,

NIH, will also publish the proposed actions in

the Federal Register for comment at least 15

days before the meeting.

In addition, the Director’s proposed

decision, at his/her discretion, may be

published in the Federal Register for 15 days

of comment before final action is taken. The
Director’s final decision

* * *.

Section IV-C-2 Recombinant DNA
Advisory Committee. * * * All meetings of

the RAC will be announced in the Federal

Register, including tentative agenda items, 15

days in advance of the meeting with final

agendas, if modified, available at least 72

hours before the meeting. No item defined as
• • •

Section IV~C-3-b-(l). Announcements of

RAC meetings and agendas at least 15 days

in advance; NOTE—If the agenda * * *.

Section IV-C-3-b-(2). Proposed major

actions of the type falling under Section IV-

C-l-b-{l) at least 15 days prior to the RAC
meeting at which they will be considered;

and

The following sections will be
amended to the Points to Consider: The
Introduction, Parts H, and V. This

document was published in the Federal

Register on March 1, 1990 (55 FR 7437),

amended September 12, 1990 (55 FR
37565), and amended July 18, 1991 (56 FR

33174). The amended sections will read:

Introduction. (1)
* * * RAC consideration

of each proposal will be on a case-by-case

basis and will follow publication of a precis

of the proposal in the Federal Register, and

an opportunity for public comment RAC’s

recommendation on each proposal will be
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forwarded to the NIH Director for a decision

which will then be published in the Federal

Register.

Introduction. (4)
* * * The IRB and IBC

may. at their discretion, condition their

approval on further specific deliberation by
the RAC. Consideration of proposals by the

RAC may proceed simultaneously with
review by any other Federal agencies

provided that the RAC is notified of the

simultaneous review. Meetings of the RAC
will be open to the public except where trade

secrets or proprietary information would be
disclosed. The committee * * *.

Introduction. (6)
* * * Part ID summarized

other requested documentation that will

assist the RAC in their review of the

proposals. Part IV specified reporting

requirements.

Introduction. (7) The RAC will not at

present entertain proposals for germ line

alterations
* * *.

Introduction. (9) In their evaluation of
proposals involving the transfer of
recombinant UNA into human subjects, the

RAC will consider whether the design * * *.

Accordingly, this document requests
information that will enable the RAC to

assess the possibility that the proposed
experiments will inadvertently affect

reproductive cells or lead to infection of other
people (e.g., treatment of personnel or

relatives).

Introduction. (10) In recognition of the

social concern that surrounds the subject of
gene transfer, the RAC will cooperate with
other groups * * *.

Introduction. (12)
* * * Investigators

submitting proposals that employ essentially

the same vector systems (or with minor
variations), and/or that are based on the
same preclinical testing as proposals
previously reviewed by the RAC, may refer to

preceding documents without having to

rewrite such materials.

Part IL Special Issues. Although the
following issues are beyond the normal
purview of local ERBs, the RAC requests that
the investigators respond to questions A and
B below.

Part V. Minor Modifications. A minor
change in a protocol approved by the RAC is

a change that does not significantly alter the
basic design of a protocol and that does not
increase risk to the subjects. If the change
has been approved by the relevant IRB and
IBC, then the Chair of the RAC may give
approval. It is expected that the Chair will

consult with one or more members of the
committee, as necessary. The Chair will
report on any such approvals at the next
regularly scheduled meeting of RAC.

I accept this recommendation to

amend accordingly the NTH Guidelines
in sections EQ-A and IV-C and to amend
the Points to Consider in the
Introduction, Parts Q, and V.

G. Amendment to Appendices B-l-B-1
and B-I-B-2 of the NIH Guidelines
regarding the Bacterial Order,
Actinomycetales

In a written request dated April 15,

1991, Dr. Diane O. Fleming, representing
the Mid-Atlantic Biological Safety

Association, requested that only

pathogenic genera and species of the

bacterial order, Actinomycetales, be
included in Appendix B-I-B-l of the

NIH Guidelines.

It was proposed that the following

pathogens be included in the list of

Bacterial Agents in Appendix B-I-B-l of

the NIH Guidelines as follows:

Actinomadura madurae,
Actinomadura pelletieri, Actinomyces
bovis, Actinomyces israelii, Nocardia
asteroides, Nocardia brasiliensis

In appendix B-I-B-2, the entry under
Actinomycetes would be deleted.

This request was reviewed at the RAC
meeting on May 30-31, 1991. Following a
discussion there was agreement that

Actinomyces should be removed from
the list of fungi and reclassified as

bacteria. There was disagreement,

however, about the number of species to

be listed as pathogens. Reviewers and
committee members expressed concern
that the number of possible pathogens
may be larger than the six species

proposed for inclusion. The RAC
requested that Dr. Fleming consult with
leading experts on Actinomycetales and
develop a revised and expanded list of

potential pathogens to be reviewed at

the RAC meeting on October 7-8, 1991.

This request was published for comment
in the Federal Register on September 3,

1991 (56 FR 43686).

A second list of potential pathogens
was submitted to the RAC. This
included 63 organisms, a number that

was reduced to 56 by clarification of

taxonomic names and was reviewed by
Dr. Lechevalier at Rutgers University,

Dr. Blaine Beaman of die University of
California at Davis, and Drs. Michael
McNeil and Richard Knudsen at the

Centers for Disease Control (CDC). Drs.

McNeil and Knudsen presented a

synopsis of their review at the RAC
meeting of October 7-8, 1991.

During the October 7-8, 1991, RAC
meeting, a motion was passed by a vote
of 19 in favor, 0 opposed, and no
abstentions to create an ad hoc working
group within the RAC, plus outside

consultants, to provide an amended list

of pathogens.
On November 13, 1991, the RAC

Working Group on Actinomycetales
held a telephone conference call for the

purpose of proposing a list of pathogens.

Drs. B. Murray, D. Fleming, D.lCrogstad,

and M. Schaechter participated.

Originally, a list of 19 organisms was
developed; this included both the proven
pathogens identified by the CDC and the

suspected pathogens identified by the

CDC that were also part of risk group 2

(BL-2) in the German classification,

"Klassifizierung DerBakterien Nach
Den Im Ungang Mit Ihnen Auftretenden

Gefahren.

"

Thesed organisms are as

follows:

Actinomadura madurae,
Actinomadura pelletieri, Amycolata
autotrophica, Dematophilus congolensis,

Gordona bronchialis, Gordons sputi,

Nocardia asteroides, Nocardia
brasiliensis, Nocardia otitidiscaviarum,

Nocardia farcinica, Nocardia nova,
Nocardia transvalensis, Nocardiopsis
dassonvillei, Rhodococcus equi,

Rhodococcus aichiensis, Rhodococcus
chubuensis, Rhodococcus rhodochrous,
Rhodococcus ruber, Streptomyces
Somaliensis.

Alternatively, a list of organisms
representing only proven pathogens, as
established by the CDC, would read as

follows:

Amycolata autotrophica,

Dermatophilus congolensis, Nocardia
asteroides, Nocardia brasiliensis,

Nocardia otitidiscaviarum, Nocardia
transvalensis, Rhodococcus equi.

The request was published for

comment in the Federal Register on
January 3, 1992 (57 FR 316).

During the meeting on February 10,

1992, the RAC discussed the

recommendations of the Working Group
on Actinomycetales. The RAG by a vote

of 13 in favor, 0 opposed, and no
abstentions, accepted the working
group's recommendation to adopt the

CDC classification of organisms with
proven pathogenicity.

The following proven pathogens of the

bacterial order, Actinomycetales, will be
added to Apendix B-I-B-l, Bacterial

Agents:

“Amycolata autotrophica,

Dermatophilus congolensis, Nocardia
asteroides, Nocardia brasiliensis,

Nocardia otitidiscaviarum, Nocardia
transvalensis, Rhodococcus equi."

The following organisms will be
deleted from appendix B-4-B-2, Fungal

Agents:

“Actinomycetes (including Nocardia
species, Actinomyces species, and
Arachnia propionica)[2]."

I accept this recommendation and
Appendices B-I-B-l and B-I-B-2 of the

NIH Guidelines will be amended
accordingly.

H. AmendAppendices B-I-C-landB-I-
B-l in the NIH Guidelines Regarding
Mycobacterium Avium

In a letter dated December 18, 1991,

Dr. William R. Jacobs, Jr., of the Albert
Einstein College of Medicine, Bronx,
New York, requested a lowering of the

classification Mycobacterium avium
from a Class m bacterial agent to a
Class II bacterial agent M. avium would
move from Appendix B-4-C-1 to

Appendix B-I-B-l in the NIH

Recombinant DNA Research, Volume 15 [657]



14778 Federal Register / Vol. 57. No. 78 / Wednesday. April 22, 1992 / Notices

Guidelines. The request was published

for comment in the Federal Register on
January 3. 1992 (57 FR 316).

During the meeting on February 11.

1992. the RAC met to review this

request Hie basis of this request resides

in the fact that CDC/NIH biosafety

guidelines, that were published in 1964.

recommended biosafety level 2 practices

for M. avium. M. avium is ubiquitous in

nature, a common contaminant in the

soil, and there is no evidence that direct

transmission occurs between humans.
The RAC, by a vote of 14 in favor. 0
opposed, and no abstentions, approved
the lowering of the classification of

Mycobacterium avium from a Class III

bacterial agent to a Class II bacterial

agent M. avium would move from
Appendix B-I-C-l to Appendix B-I-B-l

in the NIH Guidelines.

I accept this recommendation and
Appendices B-I-C-l and B-I-B-l of the

NIH Guidelines will be amended
accordingly.

II. Summary of Actions

A. Addition ofAppendix D-XX1V to the

NIH Guidelines

The following section is added to

appendix D:

Appendix D-XXTV

Dr. Gary J. Mabel of the University of

Michigan Medical School Ann Arbor,

Michigan, can conduct gene therapy
experiments on twelve patients with

melanoma or adenocarcinoma. Patient

population will be limited to adults over the

age of IB and female patients most be
postmenopausal or have undergone tubal

ligation or orchiectomy. The patient's immune
response will be stimulated by the

introduction of a gene encoding fora Class I

MHC protein, HLA-B7, In order to enhance
tumor regression. DNAfliposqme-medicatd
transfection techniques will be used to

directly transfer this foreign gene into tumor
cells. HLA-B7 expression will be confirmed
in vivo, and the immune response stimulated

by the expression of this antigen will be
characterized. These experiments will be
analyzed for their efficacy in treating cancer.

B. Addition ofAppendix D-XXV to the

NIH Guidelines

The following section is added to

appendix D:

Appendix D-XXV
Dr. Kenneth Cometta of Indiana

University, Indianapolis, Indiana, can
conduct gene transfer experiments on up to

10 patients with acute myetogeoous leukemia

(AML) and up to 10 patients with acute

lymphocytic leukemia (ALL). The patient

population will be limited to persons between
18 and 85 years of age. Using the LNL-6
vector, autologous bone marrow cells will be
marked with the neomycin resistance gene.

Gene marked and untreated bone marrow
cells will be reinfused at the time of bone

marrow transplantation. Patients will then be
monitored for evidence of the neomycin
resistance gene in peripheral blood and bone
marrow cells in order to determine whether
relapse of their disease Is a result of residual

malignant cells remaining in the harvested

marrow or inadequate ablation of the tumor
cells by chemotherapeutic agents.

Determining the source of relapse may
indicate whether or not purging of the bone
marrow is a necessary procedure for these

leukemia patients. Further studies will be
performed in order to determine the

percentage of leukemic cells that contain the

LNL-6 vector and the donality of marked
cells.

C. Addition ofAppendix D-XXVI to the

NIH Guidelines

The following section is added to

appendix D:

Appendix D-XXVI

Dr. James S. Economou of the University of

California. Los Angeles, can conduct gene
transfer experiments on 20 patients and with

metastatic melanoma and 20 patients with
renal cell carcinoma. These patients will be
treated with various combinations of tumor-

infiltrating lymphocytes and peripheral blood
leukocytes, including CD8 and CD4 subsets of

both types of cells. These effector cell

populations will be given in combination with
interleukin-2 (IL-2) to the melanoma patients

and IL-2 plus alpha interferon in the renal

cell carcinoma patients. The effector cells

will be transduced with the neomycin
resistance gene using either the LNIB or GlN
retroviral vectors. This “genetic marking" of

the tumor-infiltrating lymphocytes and
peripheral blood lymphocytes is designed to

answer questions about the trafficking of

these cells, their localization to tumors, and
their in vivo lifespan.

D. Addition ofAppendix D-XXVI1 to die

NIH Guidelines

The following section is added to

appendix D;

Appendix D-XXYH
Dr. Philip D. Greenberg of the University of

Washington. Seattle, Washington, can
conduct gene transfer experiments on up to

15 HIV seropositive patients undergoing
allogeneic bone marrow transplantation for

non-Hodgkin*s lymphoma evaluate toe

safety and efficacy ofHTV-specific cytotoxic
T lymphocyte (CTL) therapy. CTL wdl be
transduced with a retroviral vector (HyTK)
encoding a gene that h a fusion product of
the hygromydn phosphotransferase gene
(HPH) and the 'rapes virus thymidine kinase
(HSV-TK) gene. The vector will deliver both
marker gene and a suicide gene in these T

cell clones in toe event that patients develop
side effects as a consequence of CTL therapy.

Data will be correlated over time, looking at

multiple parameters ofHIV disease activity.

The objectives of these studies tadnde
evaluating the safety and toxicity ofCTL
therapy, determining the duration of in vivo

survival of HIV-specific CTL clones, and
determining if ganciclovir therapy can
eradicate genetically modified, adoptively

transferred CTL oells.

E. Amendment to Appendix D-XV of the
NIH Guidelines

Appendix D-XV will read as follows:

Appendix D-XV

In addition to the conditions outlined in the

initial approval patients may be given s

supplement of a CD-34 +-enriched peripheral

blood lymphoctyes (PEL) which have been

placed in culture conditions that favor

progenitor cell growth. This enriched

population of cells will be transduced with

the retroviral vector, ClNaSvAd. GINaSvAd
is similiar to LASN. et distinguishable by
PCR. LASN has been used to transduce

peripheral blood T lymphocytes with the

ADA gene. Lymphocytes and myeloid cells

will be isolated from patients over time and
assayed for the presence of the LASN or

GINaSvAd vectors. The primary objectives

of this protocol are to transduce CD 34+
peripheral blood cells with the adenosine

deaminase gene, administer these cells to

patients, and determine if such cells can

differentiate into lymphoid and myeloid cells

in vivo. There is a potential for benefit to the

patients in that these hematopoietic

progenitor cells may survive longer, and

divide to yield a broader range of gene-

corrected cells.

F. Amendment to Introduction, Section

II and V of the Points to Consider

Regarding Review by the Human Gene
Therapy Subcommittee; Amendment to

Sections II1-A and IV-C of the NIH
Guidelines.

The following sections will be

amended in the NIH Guidelines:

Sections IH-A, IV-C-l-b-(lJ. section

IV-C-2, section IV-C-3-b-(lJ, section

IV--C-3-b-{2)). The amended sections

will read:

Section IH-A. Experiments That Require

RAC Review and NIH and IBC Approval

Before Initiation.

Experiments to this category cannot be

initiated without submission of relevant

information on the proposed experiment to

NIH. the publication of the proposal in the

Federal Register for 15 days of comment,

review by toe RAC and specific approval by

NIH. The containment conditions for such

experiments will be recommended by the

RAC and set by NIH a! the time of approval.

Such experiments also require * * *.

Section IV-C-l-b-{l). Major Actions. To
execute major actions, the Director. NDHl

must seek the advice of the RAC and provide

an opportunity for public and Pederal agency

comment Specifically, the agenda of toe RAC
meeting citing the major actions will be

published in the Federal Register at least 15

days before the meeting, and the Director.

NIH. will also publish the proposed actions in

the Federal Register for comment at least 15

days before the meeting. In addition, the

Director’s proposed decision, at htsftier

discretion may be published to the Federal

Register for 15 days ofcomment before final

action is taken The Director’s final decision
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Section IV-C-2. Recombinant DNA
Advisory Committee. * *

*. All meetings of

the RAC will be announced in the Federal

Register, including tentative agenda items. 15

days in advance of the meeting with final

agendas, if modified, available at least 72

hours before the meeting. No item defined
• • •

Section IV-C-3-b-{l). Announcements of

RAC meetings and agendas at least 15 days
in advance; NOTE—If the agenda * * *.

Section IV-C-3-b-{2). Proposed major
actions of the type falling under Section IV-
C-l-b-{l) at least 15 days prior to the RAC
meeting at which they will be considered;

and

The following sections will be
amended to the Points to Consider:

Introduction, parts n, and V. This

document was published in the Federal

Register on March 1, 1990 (55 FR 7437).

amended September 12, 1990 (55 FR
37565), and amended July 18, 1991 (56 FR
33174). The amended sections will read:

Introduction. (1)
* * * RAC consideration

of each proposal will be on a case-by-case
basis and will follow publication of a precis

of the proposal In the Federal Register, and
an opportunity for public comment. RAC's
recommendation on each proposal will be
forwarded to the NIH Director for a decision

which will then be published in the Federal
Register.

Introduction. (4)
* * * The IRB and D3C

may, at their discretion, condition their

approval on further specific deliberation by
the RAC. Consideration of proposals by the

RAC may proceed simultaneously with
review by any other Federal agencies
provided that the RAC is notified of the

simultaneous review. Meetings of the RAC
will be open to the public except where trade
secrets or proprietary information would be
disclosed. The committee * * *

Introduction. (6)
* * * Part in summarized

other requested documentation that will

assist the RAC in their review of the

proposals. Part IV specified reporting

requirements.

Introduction. (7) The RAC will not at

present entertain proposals for germ line

alterations * ' *.

Introduction. (9) In their evaluation of
proposals involving the transfer of
recombinant DNA into human subjects, the
RAC will consider whether the design

* * *.

Accordingly, this document requests

information that will enable the RAC to

assess the possibility that the proposed
experiments will inadvertently affect

reproductive cells or lead to infection of other

people (e.g., treatment of personnel or

relatives).

Introduction. (10) In recognition of the

social concern that surrounds the subject of

gene transfer, the RAC will cooperate with
other groups * * *.

Introduction. (12)
* * * Investigators

submitting proposals that employ essentially

the same vector systems (or with minor
variations), and/or that are based on the

same preclinical testing as proposals

previously reviewed by the RAC, may refer to

preceding documents without having to

rewrite such materials.

Part II. Special Issues. Although the

following issues are beyond the normal
purview of local ERBs, the RAC requests that

the investigators respond to questions A and
B below.

Part V. Minor Modifications. A minor
change in a protocol approved by the RAC is

a change that does not significantly alter the

basic design of a protocol and that does not

increase risk to the subjects. If the change
has been approved by die relevant IRB and
IBC, then the Chair of the RAC may give

approval. It is expected that the Chair will

consult with one or more members of the

committee, as necessary. The Chair will

report on any such approvals at the next

regularly scheduled meeting of RAC.

I accept this recommendation to

amend accordingly the NIH Guidelines

in sections III-A and IV-C and to amend
the Points to Consider in the

Introduction, parts II, and V.

G. Amendment to Appendices B-l-B-1
and B-I-B-2 of the NIH Guidelines

Regarding the Bacterial Order,

Actinomycetales

Appendix B-I-B-l, Bacterial Agents,

the following organisms will be added:

Amycolata autotrophica

Dermatophilus congolensis

Nocardia asteroides

Nocardia brasiliensis

Nocardia otitidiscaviarum

Nocardia transvalensis

Rhodococcus equi

Appendix B-I-B-2, Fungal Agents, the

following organisms will be deleted:

"Actinomycetes (including Nocardia
species, actinomyces species, and
Arachnia propionica)[2]”

H. Amend Appendices B-I-C-l and B-I-

B-l in the NIH Guidelines Regarding
Mycobacterium Avium

Appendix B-I-C-l, Bacterial Agents,

the following organism will be deleted;

Mycobacterium avium

Appendix B-I-B-l, Bacterial Agents,

the following organism will be added:

Mycobacterium avium

OMB's Mandatory Information

Requirements for Federal Assistance

Program Announcements (45 FR 39592)

requires a statement concerning the

official government programs contained

in the Catalog of Federal Domestic
Assistance. Normally NIH lists in its

announcements the number and title of

affected individual programs for the

guidance of the public. Because the

guidance in this notice covers not only

virtually every NIH program but also

essentially every Federal research

program in which DNA recombinant

molecule techniques could be used, it

has been determined to be not cost

effective or in the public interest to

attempt to list these programs. Such a

list would likely require several

additional pages. In addition, NIH could

not be certain that every Federal

program would be included as many
Federal agencies, as well as private

organizations, both national and
international, have elected to follow the

NIH Guidelines. In lieu of the individual

program listing. NIH invites readers to

direct questions to the information

address above about whether individual

programs listed in the Catalog of Federal

Domestic Assistance are affected.

EFFECTIVE DATE: April 17, 1992.

Bemadinfl Healy,

Director, National Institutes ofHealth.

[FR Doc. 92-9368 Filed 4-17-92; 8:45 am)

BILLING COOE 4410-01-U
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DEPARTMENT OF HEALTH AND
HUMAN SERVICES

tlonal Institutes of Health

Recombinant DNA Advisory

Committee Meeting

Pursuant to Public Law 92-463, notice

is hereby given of a meeting of the

Recombinant DNA Advisory Committee
on June 1-2, 1992. The meeting will be
held at the National Institutes of Health

(N1H), building 31C, Conference Room 6.

9000 Rockville Pike, Bethesda, Maryland
20892, starting at approximately 9 a.m.

on June 1 1992, to adjournment at

approximately 5 p.m. on June 2, 1992.

The meeting will be open to the public to

discuss the following proposed actions

under the NIH Guidelines for Research
Involving Recombinant DNA Molecules

(51 FR 16958):

Proposed Major Actions to the NIH
Guidelines;

Eleven additions to appendix D of the

NIH Guidelines Regarding Human Gene
Therapy/Gene Transfer Protocols:

An addition to section IV-C-2 of the

NIH Guidelines Regarding Conflicts of

Interest;

Addition to the Points to Consider in

the Design and Submission of Protocols
'or the Transfer ofRecombinant DNA
to the Genome ofHuman Subjects
.igarding Submission Requirements for

Human Gene Transfer/Gene Therapy
Protocols;

Other Matters To Be Considered by
! the Committee.

Attendance by the public will be
' limited to space available. Members of

i
the public wishing to speak at this

meeting may be given such opportunity
at the discretion of the Chair.

Dr. Nelson A. Wivel, Director, Office
of Recombinant DNA Activities,

National Institutes of Health, building

31, room 4B11, Bethesda, Maryland
20892, phone (301) 496-9838, FAX (301)

498-9839, will provide materials to be
discussed at this meeting, roster of

committee members, and substantive
program information. A summary of the
meeting will be available at a later date.

OMB’8 “Mandatory Information
Requirements for Federal Assistance
Program Announcements” (45 FR 39592,

June 11, 1980) requires a statement
concerning the official government
programs contained in the Catalog of
Federal Domestic Assistance. Normally
NIH lists in its announcements the
number and title of affected individual

programs for the guidance of the public.

Because the guidance in this notice

overs not only virtually every NIH
program but also essentially every
Federal research program in which DNA

recombinant molecule techniques could

be used, it has been determined not to

be cost effective or in the public interest

to attempt to list these programs. Such a

list would likely require several

additional pages. In addition, NIH could

not be certain that every Federal

program would be included as many
Federal agencies, as well as private

organizations, both national and
international, have elected to follow the

NIH Guidelines. In lieu of the individual

program listing, NIH invites readers to

direct questions to the information

address above about whether individual

programs listed in the Catalog of
Federal Domestic Assistance are

affected.

Dated: April 29, 1992.

Susan K. Feldman,

Committee Management Officer, NIH.

(FR Doc. 92-10663 Filed 5-5-92; 8:45 am)

BILLING CODE 4140-01-M

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

Recombinant DNA Research;
Proposed Actions Under the

Guidelines

AGENCY: National Institutes of Health,

PHS, DHHS.
action: Notice of proposed actions

under the NIH Guidelines for Research
Involving Recombinant DNA Molecules

(51 FR 16958).

SUMMARY: This notice sets forth

proposed actions to be taken under the

National Institutes of Health (NIH)

Guidelines for Research Involving

Recombinant DNA Molecules.

Interested parties are invited to submit

comments concerning these proposals.

These proposals will be considered by
the Recombinant DNA Advisory
Committee (RAC) at its meeting on June
1-2, 1992. After consideration of these

proposals and comments by the RAC,
the Director of the National Institutes of

Health will issue decisions in

accordance with the NIH Guidelines.

OATES: Comments received by May 18,

1992, will be reproduced and distributed

to the RAC for consideration at its June

1-2, 1992, meeting.

ADDRESS: Written comments and
recommendations should be submitted

to Dr. Nelson A. Wivel, Director, Office

of Recombinant DNA Activities,

building 31, room 4B11, National

Institutes of Health, Bethesda, Maryland
20892, or sent by FAX to 301-496-9839.

All comments received in timely '

response to this notice will be >

considered and will be available for

public inspection in the above office on

weekdays between the hours of 8:30

a.m. and 5 p.m.

FOR FURTHER INFORMATION CONTACT:
Background documentation and
additional information can be obtained
from the Office of Recombinant DNA
Activities, building 31, room 4B11,

National Institutes of Health, Bethesda,

Maryland 20892, (301) 496-9838.

SUPPLEMENTARY INFORMATION: The NIH
will consider the following actions

under the NIH Guidelines for Research
Involving Recombinant DNA Molecules:

I. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Therapy Protocol/Dr. Brenner

In a letter dated January 21, 1992, Dr.

Malcolm Brenner of the St. Jude
Children’s Research Hospital Memphis,
Tennessee, indicated his intention to

submit a human gene therapy protocol

to the Recombinant DNA Advisory
Committee for formal review and
approval. The title of this protocol is:

“Phase I Study of Cytokine-Gene
Modified Autologous Neuroblastoma
Cells for Treatment of Relapsed/
Refractory Neuroblastoma.”

II. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Therapy Protocol/Dr. Oldfield

In a letter dated February 14, 1992, Dr.

Edward H. Oldfield of the National

Institutes of Health, Bethesda^

Maryland, submitted a human gene
therapy protocol to the Recombinant
DNA Advisory Committee for formal

review and approval. The title of this

protocol is: “Gene Therapy for the

Treatment of Brain Tumors Using Intra-

Tumoral Transduction with the

Thymidine Kinase Gene and
Intravenous Ganciclovir."

III. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Therapy Protocol/Dr. Bank

In a letter dated April 14, 1992, Dr.

Arthur Bank of Columbia University,

New York, New York, submitted a
human gene therapy protocol to the

Recombinant DNA Advisory Committee
for formal review and approval. The title

of this protocol is: "Use of Human MDR
Gene in Patients with Advanced
Cancer."

IV. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Therapy Protocol/Dr. Smith

In a letter dated April 9, 1992, Dr. Clay
Smith of Memorial Sloan Kettering

Cancer Center, New York, New York,

submitted a human gene therapy

. protocol to the Recombinant DNA
Advisory Committee for formal review
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and approval. The title of this protocol

is: ‘Treatment of HIV Infection with
Transplantation of Genetically Altered

Syngeneic Peripheral Blood

Lymphocytes."

V. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Therapy Protocol/Dr. Smith

In a letter dated April 9, 1992, Dr. Clay
Smith of Memorial Sloan Kettering

Cancer Center, New York, New York,

submitted a human gene therapy

protocol to the Recombinant DNA
Advisory Committee for formal review
and approval. The title of this protocol

is: "Treatment of HIV Infection with

Reinfusion of Genetically Altered

Peripheral Blood Lymphocytes."

VL Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Transfer Protocol/Dr. Dunbar

In a letter dated April 14, 1992, Dr.

Cynthia E. Dunbar of the National

Institutes of Health, Bethesda,

Maryland, submitted a human gene
transfer protocol to the Recombinant
DNA Advisory Committee for formal

review and approval. The title of this

protocol is: "Retroviral-Mediated Gene
Transfer of Bone Marrow and Peripheral

Blood Stem Cells During Autologous
Bone Marrow Transplantation for

Multiple Myeloma."

VII. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Transfer Protocol/Dr. Dunbar

In a letter dated April 14, 1992, Dr.

Cynthia E. Dunbar of the National

Institutes of Health, Bethesda,

Maryland, submitted a human gene
transfer protocol to the Recombinant
DNA Advisory Committee for formal

review and approval. The title of this

protocol is: "Retroviral-Mediated Gene
Transfer of Bone Marrow and Peripheral

Blood Stem Cells DuringlAutologous

Bone Marrow Transplantation for

Metastatic Breast Cancer."

VIII. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Transfer Protocol/Dr. Dunbar

In a letter dated April 14, 1992, Dr.

Cynthia E. Dunbar of the National

Institutes of Health, Bethesda,

Maryland, submitted a human gene
transfer protocol to the Recombinant
DNA Advisory Committee for formal

review and approval. The title of this

protocol is: "Retroviral-Mediated Gene
Transfer of Bone Marrow and Peripheral

Blood Stem Cells During Autologous

Bone Marrow Transplantation for

Chronic Myelogenous Leukemia."

[
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IX. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Transfer Protocol/Dr. Deisseroth

In a letter dated February 28, 1992, Dr.

Albert B. Deisseroth of MD Anderson
Cancer Center, Houston, Texas,

indicated his intention to submit a

human gene transfer protocol to the

Recombinant Advisory Committee for

formal review and approval. The title of

this protocol is: "Use of Two Retroviral

Markers to Test Relative Contribution of

Marrow and Peripheral Blood
Autologous Cells to Recovery After

Preparative Therapy."

X. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Therapy Protocol/Dr. Gansbacher

In a letter dated January 16, 1992, Dr.

Bemd Gansbacher of the Memorial
Sloan Kettering Cancer Center, New
York, New York, indicated his intention

to submit a human gene therapy

protocol to the Recombinant DNA
Advisory Committee for formal review

and approval. The title of this protocol

is: "Immunization with HLA-A2
Matched Allogeneic Melanoma Cells

that Secrete Interleukin-2 Patients with

Metastatic Melanoma.".

XI. Addition to Appendix D of the NIH
Guidelines Regarding a Human Gene
Therapy Protocol/Dr. Gansbacher

In a letter dated January 16, 1992, Dr.

Bemd Gansbacher of the Memorial
Sloan Kettering Cancer Center, New
York, New York, indicated his intention

to submit a human gene therapy

protocol to the Recombinant DNA
Advisory Committee for formal review

and approval. The title of this protocol

is: “Immunization with Interleukin-2

Secreting Allogeneic HLA-A2 Matched
Renal Cell Carcinoma Cells in Patients

with Advanced Renal Cell Carcinoma."

XII. Addition to Section IV-C-2 of the

NIH Guidelines Regarding Conflicts of

Interest/Mr. Rifkin

In a letter dated April 24. 1992, Mr.

Jeremy Rifkin of the Foundation of

Economic Trends, Washington, DC
submitted a petition to the Recombinant
DNA Advisory Committee for formal

review and approval. The addition

would read:

Section IV-C-2-a. Avoidance of Conflicts

of Interest. Members of the RAC shall avoid

actual conflicts of interest and the

appearance of conflicts of interest.

Section IV-C-2-b. Members of the RAC
shall be held responsible for knowledge of

the statutory and regulatory requirements of

special Government employees (SGEs)

regarding conflicts of interest, including but

not limited to the HHS Standards of Conduct

(45 C.F.R. Section 73.735), the Federal

Personnel Manual, the Federal Criminal Codfe
concerning conflicts of interest (18 U.S.C.
Section 201 et seq.). the HHS regulations

concerning committee management (45 C.F.R.

Subtitle A. Part 11), and any further

requirements that may be promulgated by
HHS. the Congress, or the President.

Section IV-C-2-c. Full disclosure of all

relevant affiliations and financial interests,

as defined in Section IV-C-2-d, shall be
made by prospective members of the RAC.
This shall include the relevant financial

interests of their spouses, dependent children

and other dependents. Disclosures made by
members of the RAC shall be updated
promptly in the event of changes in

information previously reported or when new
information arises that is relevant to the

question of conflict of interest. At a minimum,
these disclosures shall be updated semi-
annually.

Section IV-C-2-d. Individuals who are

required to file a financial disclosure report

under the Ethics in Government Act (5 U.S.C.

Appx Section 101) shall follow the

requirements of that section. Individuals who
are net required to file a public financial

disclosure report under Section 101 of the

Ethics in Government Act shall disclose:

Section IV-C-2-<i-(l). The identity of their

principal employment;
Section IV-C-2-d-{2). A list of positions

held (whether paid or unpaid) and any
contractual relationships for the performance
of services with any corporation, company,
firm, partnership or other business enterprise,

any non-profit organization, any labor

organization, or any educational or other

institution whose activities or purposes may
be (or may foreseeable become) relevant to

the purposes and functions of the RAC as

determined by the NIH, and any such
relevant relationships held by their spouses,

dependent children or other dependents;

Section IV-C-2-d-{3). The identity, but not

value or amount, of any other sources of

income or any other interests In a trade or

business, real estate, or other asset held for

investment or production of income,

exceeding $1000 in value which are relevant

to the purposes and functions of the RAC as

determined by the NIH, and any such

relevant income or interests of their spouse,

dependent children, or other dependents.

Section IV-C-2-e. The information

required under Section IV-C-2-d-{l). (2). and

(3) shall be made available to the public upon

request.

Section IV-C-2-f. For the purposes of

Section IV-C-2-c and IV-C-2-d, the word
"relevant" means those relationships,

affiliations, holdings or interests of an
individual, his/her spouse, dependent
children, or other dependents, which could be

substantially affected by review, policy

recommendations or the giving of advice by
the RAC. A "substantial effect" is where
there is a significant possibility that RAC
action will have an direct or indirect

economic impact on the individual, on others

with whom the individual is closely

associated, or on any person with whom the

Individual has a family or marital

relationship or similar close personal

relationship.
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Section IV-C-2-g. Prohibited Situations. No
j RAC member, or his/her spouse, dependent
children, or other dependents, shaft be
ellowed to have personal equity holdings or

options in any company that would be
fleeted by the outcome of research or that

produces a product or equipment being

evaluated in a research project subject to

approval by the RAC. This does not apply to

equipment or products that are commonly
found in research laboratories, such as

commercialfy-avaliable centrifuges. pH
meters, and common reagents. This

prohibition does not include blind trusts,

diversified mutual funds, or other financial

interests over which the Individual has no
: discretionary control.

Section IV-C-2-h. Waivers. The N1H may
grant a waiver to the requirement of Section

lV-O-2-g if it determines that such holdings

hre so insignificant that they do not have the

potential of influencing the independent
decision-making of the RAC. Such waiver
shall take effect upon its publication in the

Federal Register and shall Identify.

Section rV-C-2-h-fIJ. The RAC member
covered by the waiver by name, and
Section fV-C-2-h-{2}. The reasons for

i granting the waiver.

This particular petition contains a
background text that is not included in

the meeting announcement It is

available on request end can be
!
obtained from the Office of

I Recombinant DNA Activities, National

I Institutes of Health, building 31. room
4B11, Bethesda, Maryland, (301} 496-

9838.

The following comments pertain to the

;
above request Members of the RAC are

currently required t«
(1) Meet the statutory and regulatory

i conflict of interest requirements
applicable to Special Government

I Employees, and (2J file financial

disdosure statements (Form HHS 474,

Confidential Statement ofEmployment
and Financial Interests]. These
statements are evaluated by NIH to

determine if a prospective or current

member has a financial conflict of

interest that would necessitate

restrictions on his/her service on the
RAC. Under the Ethics in Government
Act (5 U.&CA. appx 4 section 207), the

disclosures required on form HHS 474,

Confidential Statement ofEmployment
and Financial Interests, cannot be
disclosed to the public without the

consent of the mdividual Because
members and prospective members of

the RAC are already subject to statutory

and regulatory requirements regarding

financial conflicts of interest, it would
appear that any addition to the NIH
Guidelines on this issue would have to

be limited to referencing the existing

requirements in order to avoid any
conflict with-those requirements.

XIII. Addition to the Points to Consider
in the Design and Submission of

Protocols for the Transfer of

Recombinant DNA Into the Genome of
Human Subjects Regarding Submission
Requirements for Human Gene
Transfer/Gene Therapy Protocols

Dr. Donald Krogstad. member of the

RAC, suggested an outline for

submission requirements fc« human
gene transfer/gene therapy protocols

during the RAC meeting of February 11.

1992. This outline reads as follows:

Suggestions for Focusing Discussion at the

RAC.
I. Investigator-Submitted Material.

Format. Consider having both written and
oral material presented in similar formats

—

eg- following the Point to Consider—with a
150-250 word Abstract at the beginning of

written material. When a proposal has been
presented previously, there should be a short

section (<150 words) detailing the major
revisions since the previous submission.

Length of Written Material and Tune for

Oral Presentation. Only on rare occasion is

there significant new information after 20
pages of written material or 20 minutes of

oral presentation. To expedite both written

and ora! review, written material could be
limited to approximately 20 pages per
proposal (not counting references, tables and
figures), and oral presentations to 25 minutes.

LL Reviewers' Responses
Format. Reviewers' comments should state

explicitly whether the Points to Consider
have been addressed satisfactorily, and
whether questions of Safety and Efficacy

have been resolved. They should state also

whether a pioposal is: (a) Acceptable as

written, (b) Acceptable with specific

revisions, or (c) Unacceptable In Us present

form.

Discussion of Written Reviews. Discussion

among the various reviewers and with the

Principal Investigator should help to clarify

substantive questions about the protocols,

which currently occupies a substantial

amount of time at the RAC.
Length of Time for Oral Presentation of

Reviews. After discussion with other

reviewers and the Principal Investigator, it

should be possible to present most reviews

orally in <5 minutes.

OMFs "Mandatory Information

Requirements for Federal Assistance
Program Announcements" (45 FR 39592,

June 11, 1980} requires a statement
concerning the official government
programs contained in the Catalog of

Federal Domestic Assistance. Normally
NIH lists in its announcements the

number and title of affected individual

programs for the guidance of the public.

Because the guidance in this notice

covers not only virtually every NIH
program but also essentially every
Federal research program in which DNA
recombinant molecule techniques could

be used, it has been determined not to

be cost effective or in the public interest

to attempt to list these programs. Such a
list would likely require several

additional pages. In addition, NIH could

not be certain that every Federal
program would be included as many
Federal agencies, as well as private

organizations, both national and
international, have elected to follow the

NIH Guidelines. In lieu of the individual

program listing. NIH invites readers to

direct questions to the information

address above about whether individual

programs listed in the Catalog of Federal

Domestic Assistance are affected.

Dated: May 1. 1992.

Jay Mmkowttz,

Assoctote DirectorforScience Policyand
Legislation. NIH.

(FR Doc. 92-10064 Filed 5-5-02: 8:45 am)

BILLING coot
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DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE

NATIONAL INSTITUTES OF HEALTH

RECOMBINANT DNA ADVISORY COMMITTEE

MINUTES OF MEETING1

June 1-2, 1992

The Recombinant DNA Advisory Committee (RAC) was convened for its forty-ninth

meeting at 9:00 a.m. on June 1, 1992, in Building 3 1C, Conference Room 6, National

Institutes of Health, 9000 Rockville Pike, Bethesda, Maryland 20892. Dr. Barbara E.

Murray (Chair) presided. In accordance with Public Law 92-463, the meeting was open

to the public. TTie following were present for all or part of the meeting:

Committee members:

John H. Barton, Stanford Law School

A1 W. Bourquin, Ecova Italia

Constance E. Brinckerhoff, Dartmouth Medical School
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Ira H. Carmen, University of Illinois
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Moselio Schaechter, Tufts University School of Medicine

Marian G. Secundy, Howard University College of Medicine

LeRoy B. Walters, Georgetown University

^The RAC is advisory to the National Institutes of Health (NIH), and its
recommendations should not be considered as final or accepted. The Office of
Recombinant DNA Activities should be consulted for NIH policy on specific
issues.
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Doris T. Zallen, VA Polytechnic Institute & State University
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Nelson A. Wivel, National Institutes of Health

A committee roster is attached (Attachment).
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I. CALL TO ORDER

Dr. Murray (Chair) called the meeting to order at 9:00 a.m., on June 1, 1992. She

welcomed and introduced the new RAC members, Drs. Secundy, Zallen, Dronamraju,

DeLeon, and D. Miller. Dr. Murray noted that the RAC serves as advisor to the

Director of the National Institutes of Health (NIH). The Director may accept, reject, or

send the RAC's recommendations back to the committee for further deliberation.

Dr. Murray stated that a quorum was present and outlined the order in which speakers

would be recognized. The primary and secondary reviewers will present their overviews

of the protocol, followed by responses from the principal investigators of the protocols.

The Chair will then recognize other RAC members, ad hoc consultants, other NIH and

Federal employees, the public who has submitted written documentation, followed by the

public at large.

II. MINUTES OF THE FEBRUARY 10-11, 1992, MEETING

Dr. Murray called on Dr. Brinckerhoff to comment on the minutes of the February 10-

11, 1992, meeting of the RAC. Dr. Brinckerhoff stated that the minutes were an

accurate reflection of the committee's deliberations. Dr. Carmen concurred.

The RAC unanimously approved a motion made by Dr. Carmen and seconded by Dr.

Brinckerhoff to approve the minutes.

III. REPORT ON HUMAN GENE TRANSFER PROTOCOLS ENTITLED:

(1) AUTOLOGOUS BONE MARROW TRANSPLANT FOR CHILDREN WITHACUTE
MYELOGENOUS LEUKEMIA (AML) IN FIRST COMPLETE REMISSION: USE OF
MARKER GENES TO INVESTIGATE THE BIOLOGY OFMARROW
RECONSTITUTIONAND THE MECHANISM OF RELAPSE

,, (2) A PHASE I/II TRIAL
OF HIGH DOSE CARBOPLATINAND ETOPOSIDE WITHAUTOLOGOUS MARROW
SUPPORT FOR TREATMENT OF STAGE D NEUROBLASTOMA IN FIRST
REMISSION: USE OF MARKER GENES TO INVESTIGATE THE BIOLOGY OF
MARROWRECONSTITUTIONAND THE MECHANISM OF RELAPSE, AND (3) A
PHASE II TRIAL OF HIGH-DOSE CARBOPLATINAND ETOPOSIDE WITH
AUTOLOGOUS MARROW SUPPORT FOR TREATMENT OF
RELAPSE/REFRACTORY NEUROBLASTOMA WITHOUTAPPARENT BONE
MARROWINVOLVEMENT/DR. BRENNER:

Status Report-Dr. Brenner

Dr. Murray called on Dr. Malcolm Brenner of St. Jude Children's Research Hospital,

Memphis, Tennessee, to present an update of his previously approved protocols. Dr.
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Brenner stated that these approved protocols are designed to address the question of

why patients relapse after autologous bone marrow transplantation for AML and

neuroblastoma. Patients have been treated with a combination of transduced and

untransduced autologous bone marrow cells. The transduced fraction represents

approximately 30% of the patient's total number of bone marrow cells. Of the nine

patients treated, four had neuroblastoma and five had AML. Eight of these patients

have been evaluated, seven having engrafted spontaneously by day 35. Therefore, there

is no indication that the transduction process affects bone marrow progenitor

engraftment. One patient required granulocyte-macrophage colony stimulating factor

(GM-CSF), but subsequently engrafted.

Dr. Brenner noted that two deaths occurred on the protocol. The first patient died of

progressive neuroblastoma and cardiomyopathy prior to engraftment. The second

patient, with AML, died on day 14 from respiratory distress syndrome resulting from a

gram-positive septicemia.

Dr. Brenner presented data which showed that neomycin resistant colonies had been

established from seven of the patients. These G418 resistant colonies represent both

myeloid and erythroid lineages. No granulocyte/erythrocyte/megakaryocyte/monocyte

(GEMM) or granulocyte/monocyte (GM) resistant colonies were observed. This result

may be due to low transfection levels in these populations which are not detectable by

this assay. He reported that polymerase chain reaction (PCR) positivity for the

neomycin resistance gene was detected in day 35 autologous bone marrow mononuclear

cells but not in peripheral blood mononuclear cells.

Dr. Brenner addressed gene expression in these patients. He described two patients that

have survived six months and who still exhibit G418 resistant colonies and PCR
positivity. One of these patients was one who engrafted poorly at first and required GM-
CSF. This patient exhibited G418 resistant T cell colonies throughout; however,

hematopoietic colonies did not begin to appear until approximately three months. These

results signify that long-term gene expression can be obtained after autologous bone
marrow transplant and suggest possible progenitor and/or stem cell cycling. Since the

efficiency of transduction is between 5% and 10%, these patients have less than 2% total

G418 resistant cells.

Dr. Brenner discussed the source of relapse. One of the nine patients with AML
relapsed. Although the patient exhibited swift engraftment, peripheral blood blast cells

were detected at day 65. This patient received a second allogeneic bone marrow
transplant and has undetectable disease at day 130. He showed data that confirmed

PCR positivity in the peripheral blood mononuclear fraction of cells, which corresponded

to the increase in the blast cell count.
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To determine if the PCR positivity was a result of the CD34( + ) blast population,

Fluorescence Activated Cell Sorter separation was performed on the patient's peripheral

blood mononuclear cells. These cells were sorted into CD34( + )/CD13( + ) blast

populations and normal peripheral blood mononuclear cells. Results indicate that the

CD34( + ) subset of the PCR positive peripheral blood mononuclear cells were PCR
negative for the neomycin resistance gene. Approximately 3% of the malignant blasts

yielded G418 resistant colonies. Semiquantitative PCR on cDNA from these blasts

indicated that between 1% and 10% were neomycin resistance positive. The neomycin

resistance positivity could be a result of marked normal progenitor cells, but Dr. Brenner

stated that this conclusion is unlikely because the actual number of neomycin resistant

cells is too large to arise from normal progenitor cells.

Dr. Brenner stated that another 20 patients will be entered into the protocol, 10 with

neuroblastoma and 10 with AML. At the end of this time, the frequency of marked cells

will be assessed; and a decision will be made regarding future directions. If several more
marked relapses are observed, purging procedures will be reconsidered.

Dr. Murray asked the RAC if they had any further questions for Dr. Brenner regarding

the status of his approved protocols.

Mr. Capron asked Dr. Brenner to expand on his plans if more marked relapses are

observed. Dr. Brenner stated that if future relapses occur, he would design a two

marker bone marrow purging protocol. Mr. Capron asked Dr. Brenner why he would

not initiate this purging protocol immediately. Dr. Brenner stated that the data is still

premature and is based on the results obtained from one patient. More patients would

have to be evaluated to confirm the marked relapse result.

Dr. Murray noted that it would be useful for the RAC to receive any abstracts or papers

that Dr. Brenner intends to submit for publication.

IV. PROPOSED ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING
A HUMAN GENE TRANSFER PROTOCOL ENTITLED A PHASE I STUDY OF
CYTOKINE-GENE MODIFIED AUTOLOGOUS NEUROBLASTOMA CELLS FOR
TREATMENT OF RELAPSED/REFRACTORY NEUROBLASTOMA /DR. BRENNER:

Review-Dr. Parkman

Dr. Murray called on Dr. Parkman to present his review. Dr. Parkman provided an

overview of the protocol submitted by Dr. Malcolm Brenner of St. Jude Children's

Research Hospital, Memphis, Tennessee. Dr. Parkman described the proposed vector as

a derivative of a previously approved vector that now contains a gene coding for

interleukin-2 (IL-2). This vector has a cytomegalovirus (CMV) promoter. The
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investigators have shown that they can transduce primary human neuroblastoma cells and

establish cell lines from approximately 75% of the patients. Following G418 selection of

these cells, IL-2 expression was observed. The investigators have demonstrated that

tumor specific cytotoxicity by peripheral blood lymphocytes (PBL) is enhanced in the

presence of these IL-2 secreting neuroblastoma cells.

Dr. Parkman summarized the protocol. Cell lines will be established from patients who
have relapsed following initial chemotherapy or have progressive neuroblastoma

following autologous bone marrow transplantation. Following transduction of these cell

lines with the IL-2 secreting vector, clones will be selected that produce greater that 150

picograms of IL-2 per milliliter in 24 hours. The patients will receive two injections of

transduced cells at one week intervals and will not receive concomitant chemotherapy.

Dr. Parkman said that besides examining patients for the usual toxicity endpoints, the

investigators will monitor systemic effects caused by the production of IL-2 and possible

local tumor growth. It is important to remember that these patients have bulk disease

and that any tumor being reinfused is minuscule compared to the total tumor burden. If

a therapeutic response is observed with 10
5
cells per kilogram, then the protocol will

proceed using 10
6
cells per kilogram. If three patients receive 10

s
cells without any side

effects, future patients will receive the higher number of cells. If there is evidence of

local tumor growth as demonstrated by biopsy, patients will receive irradiation or

chemotherapy.

Dr. Parkman concluded his review by requesting that the investigators provide any pre-

existing data that is available from their previously approved protocol. This protocol is

scientifically sound, and the experimental design is appropriate for a Phase I study as

proposed.

Review-Dr. DeLeon

Dr. DeLeon noted that the investigators have extensive experience with this ex vivo

retroviral model, and that a significant amount of preliminary work has been performed.

In particular, the investigators have demonstrated IL-2 expression in the transduced cell

population. The challenge for the investigators is to inject these transduced cells

subcutaneously into patients and demonstrate safety and efficacy.

Dr. DeLeon stated her concerns regarding the stable expression of IL-2 in vivo.

However, this minor weakness of the proposal does not detract from the strengths of the

protocol particularly since these patients are refractory to conventional therapy and have

a poor prognosis.

Dr. DeLeon stated that this procedure may not offer a cure for these patients, but the
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protocol is justified by the fact that it will provide valuable information concerning the

patient's immune response after reinfusion of these transduced cells.

Review-Dr. /alien

Dr. Zallen stated that although she had concerns regarding the use of children as

research subjects, Dr. Brenner assured her that neuroblastoma is a childhood tumor;

therefore, they are the most appropriate subjects. Dr. Zallen noted that the patient

eligibility section of the protocol states that patients must be less than 21 years of age.

Since this is a childhood disease, this stipulation seems unnecessary. Similarly if there

was a rare patient over the age of 21 with this disease, why should he/she be excluded

from the protocol?

Regarding the informed consent, Dr. Zallen suggested that someone other than the

investigators should present this information to the patient. She noted that patients

sometimes feel coerced to participate in a protocol when the informed consent document
is presented by the investigator.

Other Comments

Dr. Leventhal asked if experiments have been performed using irradiated cells. She

cited results obtained by other investigators using different tumor systems demonstrating

that irradiated cells are more immunogenic than non-irradiated cells.

Dr. Leventhal requested clarification regarding patient eligibility for other experimental

therapies. Define the term window as stated in the protocol. Will patients continue to

receive injections of transduced cells if they have a stable or responding disease? Will

patients have stable or responding disease after two injections? If not, will they receive

more injections or alternative therapy? What other treatment options are available to

the patients?

Dr. Post noted that Dr. Rosenberg had been granted approval to initiate gene transfer

experiments using an IL-2 secreting vector similar to Dr. Brenner's protocol. What
information has been reported regarding Dr. Rosenberg’s experiments?

Dr. D. Miller asked for clarification regarding the required level of IL-2 expression for

this protocol. Is there a theoretical basis for choosing 150 picograms per 10
6
cells in 24

hours or is this the maximum level obtainable for these cells?

Dr. D. Miller noted that the vector sequence had been screened for open reading frames

and that no other open reading frames besides the neo and IL-2 coding regions were

found. There is a question regarding the oncogenic potential of IL-2 itself. Will the IL-
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2 retrovirus be rescued and allow the T cell to manufacture IL-2 independently, resulting

in leukemia? The vector proposed for this protocol differs from LNL6 and GINa in

that is has an additional gene. The RAC should be informed regarding the properties of

this vector in animal models.

Dr. Geiduschek asked if cell expansion was observed in response to the presence of IL-2

during the cell culturing procedures?

Mr. Capron noted that he had several concerns regarding the informed consent

document. He suggested changing the language in the 7 to 18 year old assent form from
'

'you can start drugs or radiation straight away" to "you can start drugs or radiation right

away". He noted some confusion in a statement that refers the patient to Section 17.

This section should read as Section 15.

Mr. Capron noted that the informed consent document would be more understandable if

there was one form for the child and another form for the child's parent(s). Addressing

both child and parent in one document leads to confusing language. Dr. Leventhal

suggested that the separation of the informed consent documents is not an appropriate

topic for the RAC to discuss. This issue should be addressed by the local Institutional

Review Board (IRB).

Mr. Capron asked Dr. Brenner if there is an obvious reason why patients who have

tested positive for the human immunodeficiency virus (HIV) have been excluded from

participation in this study.

Presentation-Dr. Brenner

Dr. Murray called on Dr. Brenner to respond to the questions presented by the primary

and secondary reviewers as well as the other committee members. Dr. Brenner stated

that the protocol is designed to generate an anti-tumor response in patients with

advanced or resistant neuroblastoma. Patients over the age of 21 years are excluded

from the protocol because St. Jude's is a pediatric hospital. This language is standard

for St. Jude informed consent documents. He stated that he is not aware of any

neuroblastoma patients over the age of 21 years who have this disease.

In regard to the presentation of the informed consent document to the patient, this

procedure is the responsibility of the patient advocate. The patient advocate is usually

from the psychology or social work department and is never a co-investigator on the

research protocol. There are one or two protocol participants available during the

presentation whose sole responsibility is to answer questions. Dr. Zallen stated that this

response sufficiently answered her concerns regarding the informed consent process.
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Dr. Brenner addressed Dr. Leventhal's question concerning the immunogenicity of

irradiated cells versus non-irradiated. The current literature regarding the

immunogenicity of irradiated cells has been disputed by a number of investigators. In

addition, Dr. Brenner said his data demonstrates that irradiation kills neuroblastoma

cells within 24 hours; therefore, IL-2 secretion would be too minimal to generate an in

vivo immune response. When neuroblastoma cells were irradiated at a lower dose to

allow for prolonged survival and secretion of IL-2, the radiation resistant cells grew back

within two weeks. This result represented no advantage over using non-irradiated cells.

Regarding Dr. Leventhal's question about the use of the word window, Dr. Brenner

stated that if subsequent injections are administered after the first two injections, it will

be as a continued window therapy. Only those patients who exhibit a response or have

stable disease will continue on this protocol. Patients that demonstrate disease

progression will receive alternative therapy.

Dr. Brenner addressed Dr. D. Miller's question regarding the selection of 150 picograms

per 10
6
cells in 24 hours as the acceptable level of IL-2 expression in this cell population.

Dr. Brenner stated that this decision was based on experimental results generated in his

laboratory. Data suggests that the optimal activated killer cell response occurs at

between 1 and 10 units of IL-2. Dr. Brenner stated that a level of two units (150

picograms) was chosen because it was over the minimum level. Dr. D. Miller asked if a

similar level of response was observed with a level of 150 picograms per 10
6
cells in 24

hours. Dr. Brenner stated that a cytotoxic response was observed at this level. Dr.

Geiduschek asked Dr. Brenner if the cell lines generated from these patients will

produce IL-2 at these levels.

Dr. Brenner stated that 12 of the 15 cell lines that have been established to date,

produce detectable levels of IL-2. The lines which produce lower levels of IL-2 can be

cloned in order to select for cells which produce higher levels. The investigators have

not encountered any problems in generating clones which can produce the required

levels of IL-2. Since the injected cells will be derived from clones, IL-2 production levels

should remain relatively constant.

Dr. Geiduschek inquired if it is possible to select for neuroblastoma cells which are

secreting high levels of IL-2, and suggested that the investigators should increase the

requirement for IL-2 expression in this protocol. Dr. Brenner stated that while it would

be easy to obtain clones which produce four times the 150 picogram level, there is no

evidence that more is better.

Dr. Brenner explained that the protocol is designed to include a dose escalation of IL-2

by increasing the number of IL-2 secreting cells from 10
5
to 10

6
. Clones will be chosen

which produce equal to or greater than 150 picograms per 10
6
cells in 24 hours.
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Although this level may be higher, it will not be less that 150 picograms. The highest

producing clones will be used for injections.

Dr. Brenner addressed Dr. D. Miller's question regarding the possibility of IL-2 retroviral

rescue. Dr. Brenner said that he was unaware of any evidence that such rescue has ever

been reported. Dr. D. Miller noted animal model data published by other investigators

indicating that cytokine genes produced at the time of bone marrow transplant result in

leukemias. Dr. Brenner stated that the experiments Dr. D. Miller referred to were

performed with bone marrow cells. Dr. Brenner explained that since the protocol is

designed to insert the gene coding for IL-2 expression into tumor cells, the 11^2

retrovirus would have to be rescued from the tumor cell into the T cell.

Dr. D. Miller asked Dr. Brenner if he had performed animal experiments in which T
cells have been removed from the animal, transduced with this IL-2 retrovirus, and

readministered to the animal. Dr. Brenner said that he has not performed bone marrow
transplant experiments with this vector, only transduced tumor cells.

Dr. D. Miller asked Dr. Brenner if data exists regarding autonomous growth of T cells

resulting from the administration of cytokine producing tumor cells. Dr. Brenner said

that he was not aware of any data which indicated this occurrence. Dr. Culver noted

that his laboratory has used this same vector and inserted it into mouse sarcoma cells

that were virus-induced. In turn, these cells were implanted into mice. The tumors were

rejected, and there has been no evidence of malignancy, either hematologic or otherwise.

Dr. D. Miller suggested that perhaps this information should have been submitted as

relevant data for this protocol. Dr. Parkman suggested that Dr. D. Miller's question is

independent of this particular vector. If you introduce this vector into a cell line and

infuse this cell line into an animal, is there any evidence that the vector will be

transported into the somatic cells of the animal? If transfer to somatic cells does not

occur, the issue of vector transport is inconsequential.

Dr. D. Miller noted that this data was generated using a murine model. Mice activate

endogenous viruses, particularly in tumor cells. He has not seen data that demonstrates

that neuroblastoma cells do not produce human helper virus that can rescue and transfer

the vector. He asked Dr. Brenner if he had data regarding the production of human
helper virus from neuroblastoma cells.

Dr. Brenner responded that he has approached these experiments from several angles.

He stated that there has been no evidence of rescue among human systems or that the

IL-2 retrovirus has oncogenic potential.

Dr. Leventhal asked the investigators if they will remove T cells from these patients after
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treatment to assay for virus. Dr. Brenner responded that the patients will be monitored

for the retroviral marker; however, he is not planning to screen the neuroblastoma cell

lines. Dr. Brenner added that he would include cell line screening if the RAC requested

this procedure. Dr. Brenner noted that if cell line screening is included as part of the

inclusion criteria for the protocol, then every patient would be included; this procedure

should not be performed at random. Dr. Leventhal asked if the investigators will assay

for retroviral markers present in residual tumor by biopsy of distant sites or by biopsy at

the time of autopsy.

Dr. Leventhal noted that several patients may exhibit stable disease for up to four weeks
following the initial cell injection; however, this result may not be the direct related to

treatment. Will these patients receive more injections? If so, these procedures should

be more clearly stated in the informed consent document. Children are very concerned

about the number of shots they are going to receive. Dr. Brenner replied that the

consent form clearly states that the patient may receive more courses of treatment;

however, the number of injections will be defined further.

In response to Dr. Leventhal's question regarding the biopsy of distant tumors, Dr.

Brenner said that distant tumors will be biopsied only if it is indicated for other clinical

reasons.

Dr. Brenner addressed Mr. Capron's concerns regarding the exclusion of HIV( + )

patients from the protocol. Dr. Brenner explained that since HIV is another retrovirus,

the presence of HIV would only complicate the safety issues regarding virus rescue.

Dr. Brenner addressed the issue of patient options. There is no other curative therapy

available to patients who meet the eligibility criteria for this experiment; this is a fatal

disease. Dr. Post inquired if patients who have failed a bone marrow transplant would

be eligible for this protocol. Dr. Brenner replied that these patients would be eligible

for the study.

Dr. Brenner said that the patients could be eligible for more than just the original gene

marking protocol. If the marking protocol has been successful, patients would be eligible

for the bone marrow purging protocol. The vectors used for these two studies are

distinguishable.

Ms. Meyers noted that a section should be included in the informed consent document

regarding the request for autopsy. In addition, patients should be informed about their

rights to protection from publicity. Dr. Brenner replied that the publicity concerns were

addressed in the statement of understanding which is part of the informed consent. Dr.

Brenner said that he would include a request for autopsy statement in the informed

consent document as requested by Ms. Meyers.
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In conclusion, Dr. Brenner presented data demonstrating the duration of ex vivo lLr2

expression in neuroblastoma clones derived from several patients. IL-2 production

following G418 selection is proportional to IL-2 expression in selective media. G418
selected clones were cultured for three weeks with and without G418. Clones that were

cultured in non-selective G418 media exhibited only a 25% decrease in IL-2 production.

Patients will undergo biopsies two weeks following treatment. Dr. Brenner anticipates

that the tumors will be destroyed at two weeks; therefore, the slight decrease in IL-2

expression over time is insignificant.

Committee Motion

Dr. Leventhal moved to approve the protocol contingent on the following stipulations:

(1) the informed consent document will include a statement regarding protectidn of the

patient from publicity, (2) the informed consent document will include a request for

autopsy in the event of death, and (3) the IL-2 retroviral vector will be assayed in human
neuroblastoma cell lines to verify that no oncogenic virus is rescued. Mr. Capron

seconded the motion.

The motion to approve the protocol passed by a vote of 19 in favor, 0 opposed, and no
abstentions.

V. PROPOSED ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING
A HUMAN GENE THERAPY PROTOCOL ENTITLED GENE THERAPYFOR THE
TREATMENT OF BRAIN TUMORS USING INTRA-TUMORAL TRANSDUCTION
WITH THE THYMIDINE KINASE GENEAND INTRAVENOUS GANCICLOVIR/DR.
OLDFIELD:

Review-Dr. D. Miller

Dr. Murray called on Dr. D. Miller to present his review. Dr. D. Miller presented an

overview of the protocol submitted by Drs. Oldfield, Ram, Blaese, and Culver of the

National Institutes of Health, Bethesda, Maryland. The protocol involves the direct

injection of a mouse cell line that has been transduced with a retroviral vector containing

the thymidine kinase (TK) gene into human brain tumors. Dr. D. Miller stated that the

investigators responded to all of his initial concerns. This protocol is innovative and the

data is compelling.

Dr. D. Miller noted that the investigators submitted additional animal data in response

to comments by the primary and secondary reviewers. These animal experiments

demonstrate that transduced murine cells persist for an extended period of time in the

brain and that these cells do not cause overt disease in these animals.
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Dr. D. Miller described the proposed vector as a variation of the previously approved

vector GIN. The proposed vector, GITkSvNa, contains the TK gene. He cautioned that

the TK insert in this vector contains a portion of the herpes simplex virus glycoprotein H
coding region with its promoter. Although there is a slight possibility that this protein

may be antigenic in patients, he would approve the use of this vector. The investigators

have informed the RAC that they have a new vector which eliminates the herpes simplex

promoter; however, he suggested that the investigators use the original vector since this

one was used for all in vivo and in vitro experiments.

Review-Dr. Hirano

Dr. Hirano said that the mode by which the vector is to be delivered to the target cells,

human brain tumor cells, is unprecedented. The investigators propose to inject murine

vector producing cell lines directly into the patient's brain. Initially, there were concerns

regarding the potential toxicity and survivability of these cell lines. However, the

investigators have submitted monkey toxicity data demonstrating that the producer cell

lines survive up to 15 days, and that no obvious toxicides were observed.

Dr. Hirano asked the investigators to explain why the PA317 producer cell line was

chosen since the protocol specifically states that the PAT 2.4 producer cell line will be

used.

Dr. Hirano asked the investigators about the survivability of the TK-containing cells and

whether or not PCR analysis had been performed on the sacrificed monkeys to detect

the survivability of the producer cells.

Dr. Hirano stated a concern with the patient informed consent document regarding the

language used to describe the viral vector. The investigators refer to this vector as the

car or the vehicle. This description should be expanded to state that the vector will be

injected into the brain via another vehicle
,

i.e., mouse cells.

Review~Mr. Capron

Mr. Capron stated that the investigators had been very responsive to his questions and

concerns. The informed consent document had been clarified significantly. In response

to Dr. Hirano's comment regarding injection of the mouse cells, he noted that they had

addressed this matter in the revised informed consent document.

Mr. Capron suggested that perhaps it would be more appropriate for the investigators to

describe this protocol as "the treatment of brain tumors by transduction with the TK gene in

order to render them susceptible to ganciclovir" as opposed to "the gene therapy of brain

tumors". This issue would be a relevant topic for discussion by the RAC.
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Other Comments

Dr. Parkman stated that the significance of this protocol, besides the therapeutic benefits

it may offer, is that it sets a potential precedent for the introduction of transduced

murine cells, which are capable of producing vectors in vivo into humans. It is important

for the RAC to realize the great potential impact of this protocol.

Dr. D. Miller asked Dr. Parkman to identify the concerns he has about introducing

murine cells into humans. What are the scientific issues? Dr. Parkman stated that one

potential problem is the persistence of the producer cells.

Dr. Leventhal said that the investigators state in the protocol that "retroviral vectors will

only transfer genes into proliferating cells, and in the brains of these patients the only mitotic

cells will be tumor cells". This statement is not accurate. What about glial cells? There

is a concern about the surgically accessible group of patients. At the time of tumor

resection, these patients will be exposed to the viral material. Following tumor resection,

these patients will have a lesion which is exposed to this viral material. It is inaccurate

to say that the tumor cells are the only dividing cells. The investigators need to address

this point.

Dr. Krogstad asked the investigators if they were aware of any data which existed

relating to profound hypersensitivity responses to mouse cells.

Mr. Barton noted that much of the discussion surrounded the initial ten patients who
would be treated for malignant primary brain tumors. The protocol defines another

treatment group who are patients with metastases. The investigators need to justify why
this second group of patients was included in this protocol.

Dr. Zallen inquired about any scientific advantage for performing stereotaxic surgery in

the surgically accessible group of patients prior to the surgical resection of their tumor.

She asked Dr. Oldfield about the risks associated with these dual procedures?

Dr. Parkman stated that although these cells will be injected within the confines of the

blood/brain barrier, there is the potential that some of these cells may enter the systemic

circulation due to surgical manipulation. This raises the possibility that these cells could

enter the patient's germ line. The RAC should consider the fact that the in vivo

introduction of these cells increases this probability.

Dr. D. Miller asked the investigators to respond to his concern that the producer cell

line that was used for the animal experiments is not the same cell line that is being

proposed for use in humans. Have the PAT 2.4 cells been tested in an animal model?
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Presentation—Dr. Oldfield

Dr. Murray called on Dr. Oldfield to respond to the questions and comments of the

primary and secondary reviewers as well as the other committee members. Dr. Oldfield

explained that the tumors being proposed for treatment in this protocol are ideal targets

for consideration by this localized treatment strategy. Unlike other malignancies,

patients with primary CNS tumors die of local growth, not disseminated disease.

Dr. Oldfield responded to Dr. Zallen's question regarding the scientific advantage of

performing stereotaxic surgery prior to surgical resection of the tumor. By injecting the

vector producing murine cells stereotaxically into the brains of these patients seven days

prior to resection, information will be obtained regarding the survivability of these cells

and whether or not the tumor cells are being transduced in the presence of these murine

cells.

Dr. Oldfield stated that patients with metastases are being included as a treatment group

for this protocol since metastatic brain tumors are very well defined tumors, and they do

not infiltrate the contiguous brain for distances more than a few cell layers. These

metastases may be more sensitive to this treatment than the primary tumors.

Dr. Oldfield said that the investigators were working in cooperation with Genetic

Therapy, Inc. (GTI) which will be supplying the vectors for this protocol.

Dr. McGarrity responded to Dr. D. Miller's question regarding the glycoprotein

component. Dr. McGarrity reiterated Dr. Oldfield's response that GTI is currently in

the process of constructing a second generation vector that does not contain the herpes

simplex virus glycoprotein-H coding region, which is of concern to the RAC. However,

in light of the fact that all of the experimental data for this protocol has been generated

using the original vector, it is reasonable that the investigators should go forward with

their original proposal. Dr. McGarrity said that if efficacy and safety data for the

improved vector demonstrate that it is superior to the original vector, the investigators

will submit a request to use the improved vector in the form of a minor modification to

the protocol. Dr. McGarrity noted that the investigators will be using the original PA317
packaging cell line which was described in the protocol, not the PAT 2.4.

Dr. D. Miller asked Dr. McGarrity to explain the differences between the two packaging

cell lines. Dr. McGarrity stated that there is no functional difference between the two

packaging cell lines. The only difference is that the PA317 cell line contains the TK
marker gene. Therefore, the animal toxicity data generated using the PAT 2.4 packaging

line should be representative of the PA317 cell line.

Dr. Oldfield responded to Dr. Hirano's question regarding the timing of administration
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of ganciclovir. The timing was based on data derived from animal experiments. The

optimal time for survival of these cells is approximately seven days in vivo.

Dr. Hirano asked Dr. Oldfield if toxic effects were observed following the injection of

the murine cells prior to surgical resection of the tumor? Will ganciclovir be

administered to eliminate the producer cells? Dr. Oldfield stated that ganciclovir would

be administered in the event that toxic effects were observed. Dr. Oldfield added that if

there is no significant response to the initial treatment, a second injection of cells will

not be administered. If patients exhibit unequivocal evidence of response to treatment,

then more treatments would be considered.

Regarding patient hypersensitivity to murine cells, Dr. Oldfield said that screening

questions would be included so that patients could document past hypersensitivity

responses to mice. Dr. Blaese noted that the majority of murine sensitivity is to dander

or albumin, neither of which is present in this preparation.

Dr. Parkman asked the investigators to address the following questions: (1) What is the

mechanism by which the bystander phenomenon occurs? (2) To what degree is this

phenomenon due to the presence of the herpes virus TK gene in the murine cells? and,

(3) To what degree are the human tumor cells being transduced by this phenomenon?

Presentation~Dr. Ram

Dr. Ram addressed the questions regarding vector transmission. He showed photographs

of the injection site taken five days post administration of the murine cells. Although a

slight localized breakdown of the blood/brain barrier was observed, there was no
evidence of edema, shift of midline, or bacteriological toxicity. A magnetic resonance

imaging (MRI) scan taken seven days post administration of ganciclovir showed a dark

area representing the murine cells that had been destroyed by ganciclovir treatment.

Dr. Ram presented data which demonstrated that no proliferation or toxicity was

observed in animals 90 days post injection of TK producing murine cells. These control

animals did not receive ganciclovir treatment.

Dr. Parkman asked Dr. Ram exactly what areas of the brain would be excluded as

possible injection sites. Dr. Ram responded that cells would not be injected into

posterior foci, cerebellum, or brain stem (including midbrain, medulla, and the spinal

cord).

Dr. Ram showed histological evidence in the monkey model that murine producer cells

were completely destroyed three weeks following administration of ganciclovir. He
hypothesized that the survival time of these producer cells following ganciclovir
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treatment is approximately two weeks. This data corresponds with the results obtained

in other animal models.

Dr. Krogstad asked how the levels of ganciclovir necessary to produce this effect

compare to serum levels. What is the effect on the blood/brain barrier? Dr. Ram
responded that the cerebral spinal fluid (CSF) plasma ratio ranges between 0.2 and 0.7.

In order to observe the effects of ganciclovir on the TK expressing cells, higher levels

need to be obtained in the serum to observe this effect. While serum levels may peak at

approximately 9 micrograms per milliliter, the levels of ganciclovir on the TK expressing

cells are approximately 1 microgram per milliliter at the site of injection.

Dr. Ram addressed Dr. Leventhal's question regarding non-tumoral tissue transduction.

Dr. Ram said that the other mitotically active cells in the brain, the glial and endothelial

cells, were evaluated for their capacity to replicate. Dr. Ram stated that in general, glial

cells cannot be transduced. However, some astrocytes and microglia may have been

transduced at levels too low to detect.

Dr. Ram stated that he has been able to consistently transduce endothelial cells;

however, transduction has always been observed as a localized event within the region of

the injection. Dr. Ram hypothesized that it is this localized transduction of endothelial

cells which may be responsible for the tumoricidal effect. Capillaries may respond to

angiogenic factors resulting in new vascularization of the tumor. This factor may be very

significant in eliminating the tumor.

Dr. Leventhal asked if the investigators had examined other tissues in the animal models

for evidence of toxicity. Dr. Ram said that several species (up to 50 animals per group)

had been examined. Up to 10s producer cells were injected intravascularly and 10
7
cells

intraperitoneally. No evidence of toxicity has been observed. Dr. Ram noted that some
of these animals have survived for six months. In animals that were sacrificed, small

bowel, large bowel, spleen, liver, thymus, and bone marrow were examined.

In response to Dr. Leventhal's comments regarding the statement "there are no dividing

cells in the brain except for tumor cells ", Dr. Culver referred Dr. Leventhal to a revised

statement "the tumor is the most proliferative tissue in the brain".

Dr. Post referred to earlier comments regarding the transduction of endothelial cells in

the vicinity of the injection. How wide is the area of transduction? Dr. Ram stated that

endothelial transduction occurred no further than two to three cell layers surrounding the

tumor.

Dr. Parkman suggested that the RAC should receive the toxicity data that Drs. Culver

and Ram have presented. It is important for the RAC to see the actual numbers and

[
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the tissues tested. Dr. Culver said that the investigators will add a section outlining this

data.

Dr. Leventhal stated that a sentence should be included about the number of brain

tumors that have been examined. Dr. Culver agreed to include this sentence.

Dr. Krogstad reiterated his concerns about hypersensitivity of patients to these murine

cells. Dr. Parkman stated that these concerns were not warranted. Dr. Leventhal stated

that anaphylaxis could be treated if it occurs as a result of hypersensitivity; there is no

method for predicting anaphylaxis in this case.

Dr. Parkman referred the investigators to the section in the protocol that defines the

injection sites of surgically inaccessible patients. The areas that would be excluded, e.g.,

the midbrain, are not listed as the investigators have indicated. Dr. Parkman stated that

the areas of the brain excluded from treatment should be clearly defined. Dr. Leventhal

suggested that an alternative statement regarding this issue would be that "patients in

whom it is considered that necrosis of brain tumor would result in significant anatomic injury

would be excluded from this protocol". Dr. Oldfield said that this statement could be

added to the protocol.

Dr. Murray asked if the tissues that were assayed were examined by p-galactosidase (p-

gal) staining or by PCR. Dr. Oldfield replied that they had used p-gal staining.

Dr. Culver addressed the issue of the bystander effect. Dr. Geiduschek asked if any

effect was observed on neighboring cells as a result of producer cell injection into the

brain and subsequent administration of ganciclovir. Dr. Culver responded that they have

observed no in vivo bystander effect on normal cells in either rat or murine models.

However, significant in vitro bystander effects have been observed on several tumor cell

lines, e.g., human glioblastoma, melanoma, and the 205 mouse fibrosarcoma. This in

vitro bystander effect is similar to the effect that has been observed in the in vivo rat

gliosarcoma experiments.

Dr. Culver described in vitro thymidine incorporation assays where transduced and non-

transduced tumor cells were mixed and treated with ganciclovir following overnight

culture. When the transduced cell fraction approached 50%, a decrease in cell

proliferation was observed equivalent to tumor cell populations that were 100%
transduced.

Dr. Parkman was concerned about the interpretation of these thymidine incorporation

experiments since these cells contained TK. Some of the cell lines which have been
assayed could be grown in semi-solid agar. If the cells were treated with ganciclovir and
then set up in a clonogenic assay, the investigators could observe the degree to which the
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clonogenicity of the tumor cells is reduced. Dr. Culver stated that clonogenic assays had
not been performed.

Dr. Culver presented a final experiment regarding the bystander effect. He used a rat

mammary cell cancer line. In contrast to the results obtained with the other cell lines,

no bystander effect was observed. This particular cell line does not form monolayers like

the other cells; suggesting that the bystander effect requires cell-to-cell contact. This

phenomenon may be specific to adherent cells and may explain the results observed by

other investigators such as Dr. Greenberg in Seattle, Washington, who are using cells

grown in suspension.

Dr. Blaese noted that he has performed trypan blue exclusion experiments in addition to

thymidine incorporation assays and observed the same bystander killing effects on

neighboring cells.

Dr. Leventhal asked what would be the effect of injecting NIH 3T3 cells, which are on
the brink of being transformed, into the human brain? If the patients are cured, will a

different tumor occur in the same place where the NIH 3T3 cells were administered?

What are the delayed effects? Dr. Culver stated that the monkey data suggests that

there is no long-term survival of these cells.

Dr. D. Miller referred to the Institutional Biosafety Committee approval of this protocol.

This protocol was approved at Biosafety Level (BL) 2. Does this mean that patients

must be confined to a BL2 level of containment? Dr. Wivel clarified that BL2
containment was recommended for the manipulation of the virus and the vectors as

opposed to the patients.

Mr. Capron inquired if the surgically accessible patients would be treated prior to the

surgically inaccessible patients; and if tumor transduction is unsuccessful, will the

treatment be discontinued? Dr. Oldfield responded that the investigator has the choice

as to whether surgically accessible or inaccessible patients will be treated.

Dr. Murray asked Dr. Oldfield to respond to concerns raised by the committee members
regarding the risks associated with stereotaxic injection in the surgically accessible

patients. Dr. Oldfield stated that the only substantial risk is related to the tumor mass

already present in the patient's brain. Patients must be screened carefully and chosen so

that the mass of tumor is small enough to accommodate the additional volume of the

murine cells. Patient selection is a critical criterion. Dr. Oldfield stated that the first

patients that will be selected for treatment in this protocol will probably have right

frontal or right temporal lesions that are relatively small.

Committee Motion
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Dr. D. Miller moved to approve the protocol contingent on the following stipulations:

(1) animal model toxicity data should be submitted in a tabulated format, (2) a section

should be added to the protocol that describes a well devised plan detailing the criteria

for stopping the protocol in the event that untoward effects are observed, and (3)

revisions will be made in the informed consent document regarding the retroviral vector.

Mr. Capron seconded the motion.

The motion to approve the protocol passed by a vote of 19 in favor, 0 opposed, and 1

abstention.

Other Business

Dr. Murray convened the afternoon session. She presented plaques to the outgoing

members of the RAC: Drs. Bourquin, Kelley, Schaechter, and Mr. Barton. Dr. Murray

thanked them for the expert advice that they provided to the RAC and commended
them for their tireless efforts.

VI. PROPOSED ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING
HUMAN GENE TRANSFER PROTOCOLS ENTITLED (1) TREATMENT OF HIV
INFECTION WITH TRANSPLANTATION OF GENETICALLYALTERED
SYNGENEIC PERIPHERAL BLOOD LYMPHOCYTES (PBL) AND (2) TREATMENT
OF HIV INFECTION WITH REINFUSION OF GENETICALLYALTERED
AUTOLOGOUS PBL/DR SMITH:

Review-Dr. Haselkorn

Dr. Murray called on Dr. Haselkorn for his review. Dr. Haselkorn began his review of

the protocol submitted by Dr. Clay Smith of the Memorial Sloan Kettering Cancer

Center, New York, New York, by noting that the investigators submitted a manuscript in

addition to their submission of the protocol. This manuscript contained critical data that

was necessary for a complete review of the protocol. The investigators had concerns

regarding the distribution of this manuscript to the committee members because this

distribution may jeopardize the acceptance for publication. Dr. Haselkorn acknowledged
that there may be a basis for the investigators concerns about distribution of the

publication; however, there is no reason why the data could not have been extracted and

presented to the RAC in the form of a report. Dr. Parkman inquired as to the name of

the journal to which the investigators submitted this manuscript. Dr. Haselkorn stated

that the journal was Science. Dr. Gilboa stated that Dr. Ben Kaufman (Science) had
reiterated his concerns regarding distribution of the manuscript. Dr. Leventhal inquired

as to why the manuscript could not be circulated to the committee members only? Dr.

Wivel responded that materials submitted for review by the RAC are part of the public

domain. Any documents that come before the RAC can be obtained through the
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Freedom of Information Act.

Dr. Gilboa asked the RAC if the investigators could give an oral presentation of the data

contained within the manuscript during today's meeting? Dr. Post responded that there

would be a substantial amount of data to review, and that an oral presentation would not

cover this information adequately. The committee members need time to examine this

data. Dr. Parkman reiterated his comments regarding submission of the data. The
manuscript data should have been included in the submitted materials. There should not

be a problem if data tables appear in the protocol submission and appear at a later time

in a published manuscript.

Dr. Haselkom noted that the investigators submitted a very ambitious and interesting

proposal to apply molecular biological studies on HIV replication to a proposed long-

range therapy designed to interfere with the progression of HIV infection to full blown

acquired immune deficiency syndrome. CD4( + ) PBL would be obtained from HIV( + )

patients. These PBL would then be transduced with a murine retroviral vector that

expresses a 60 nucleotide RNA molecule called TAR. TAR mimics an RNA sequence

of HIV which binds to a protein called TAT. The interaction between the TAT protein

and the TAR RNA is crucial for the replication of HIV.

Dr. Haselkom described the 21 day in vitro experiments in which a retroviral vector

expressing the TAR RNA, effectively reduced HIV replication in PBL. However, he

noted that critical experiments have not been performed on PBL of HIV( + ) patients.

Dr. Haselkom noted that the investigators forwarded a copy of the preprint to him.

Since this manuscript was not available for distribution to the other committee members,

Dr. Haselkom summarized one of the critical experiments. He described an in vitro

experiment in which PBL were obtained from healthy individuals, stimulated with IL-2

and phytohemagglutinin (PHA), and cocultivated with vector producing cells. Four days

post stimulation and exposure to the vector, the PBL were challenged with HIV for 21

days. The investigators report a 90-95% inhibition in HIV infection over this 21 day

period. If the fraction of PBL being transduced is approximately 10-20%, then a very

significant bystander effect is occurring. These data would indicate that there is

protection of the untransduced neighboring cells. There needs to be an elaboration on

this bystander effect.

Dr. Haselkom stated that the data contained within the preprint is different from the

experiments being proposed in humans. The human protocol involves the collection of

PBL from HIV( + ) patients by aphereAs. These PBL will not be stimulated with IL-2 or

PHA, but will be incubated with retroviral supernatants. These transduced PBL will

then be reinfused into the patient. Persistence of the transduced PBL will be monitored

by competitive PCR. These assays have not been described in detail in the protocol.
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Dr. Haselkom asked the investigators to describe the preliminary experiments that have

been performed and to provide evidence that the proposed PCR assay will be

quantitative and sensitive enough to measure the persistence of the transduced PBL in

these patients.

Dr. Haselkom noted that there are actually two separate protocols. The first protocol

involved the autologous infusion of transduced HIV( + ) PBL. The second is a syngeneic

protocol that involves the transduction of non-HIV infected PBL obtained from an
identical twin and subsequent infusion into the HIV(+) twin.

Review-Dr. Schaechter

Dr. Schaechter agreed with all of the comments made by Dr. Haselkom. Also, the

investigators still have not responded to questions regarding the length of time that the

transduced cells were coincubated with the HTV, and why this incubation had not been
performed for a period of time longer than 21 days.

Dr. Schaechter noted that the investigators comments suggest that they will not proceed

with the human protocol until certain in vitro experiments have been performed. If this

interpretation is accurate, the RAC should not consider this protocol at this time.

Dr. Schaechter noted that this protocol is presented as a protocol designed to study

safety issues. It should be viewed more accurately as a therapeutic protocol.

Review-Dr. Walters

Dr. Walters stated that he had four concerns that he would like the investigators to

address regarding this protocol: (1) a discussion of the animal model used for these

experiments; (2) an explanation regarding the exclusion of pregnant and lactating

women, without justification; (3) a statement about the proposed control group; and (4)

the costs defrayed by research versus costs incurred by the patient are not clearly

addressed in the section of the informed consent document that discusses the

transduction and reinfusion procedures. Dr. Walters stated that the investigators

responded to these initial questions; however, he asked them to elaborate on their

responses.

Other Comments

Dr. D. Miller said that he had scanned the vector sequence for open reading frames.

The DCTAR vector has no additional open reading frames in the TAR or neomycin

resistance coding regions; however, there is a region in the front end of the vector that
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encodes the glycosylated GAG protein of the Moloney murine leukemia virus

(MoMuLV). There is a large open reading frame in this portion that would terminate in

the neomycin resistance coding region. Therefore, there is an additional protein present

that may cause unknown effects, positive or negative. The RAC must decide whether or

not this additional protein may influence the outcome of the protocol.

Dr. Haselkorn asked if the whole GAG region is present? Dr. D. Miller responded that

it is not the entire GAG protein. The investigators discovered that a portion of the

GAG region of the MoMuLV enhances viral titers.

Dr. Parkman commented on the standard of preclinical data required to justify a Phase I

versus a Phase II clinical trial. The RAC has discussed this issue in the past; the

consensus has been that the standard of preclinical efficacy should be the same for Phase

I as for Phase II.

Ms. Meyers discussed the issue of research related costs. There is a section in the

informed consent document for the twin protocol that says if there are injuries as a result

of your participation in this study, the medical expenses will be billed to the patient.

This statement is unacceptable.

Ms. Meyers said that informed consent document states, "In addition, no adverse effects

on cell growth or function were observed following our gene therapy procedure" should be

expanded to include the exact procedures, i.e., animals, test tubes, etc.

Ms. Meyers noted that the informed consent document states that patients treatment will

be decided by random assignment. Since these patients are probably going to die, there

is no need to have a control group. Additional areas are not addressed such as handling

of the press, long term follow-up, a request for autopsy, or birth control.

Mr. Capron asked the investigators to address the presentation of the informed consent

option to the patient. In the twin protocol particularly, will these options be presented in

advance of the twin acknowledgement of participation? Have the proposed patients

already participated in the bone marrow transplantation process with their twin?

Dr. Leventhal responded to Ms. Meyers statement regarding the use of controls in this

protocol. Just because all of the patients with this disease are going to die, does not

mean that controlled studies should not be performed. In addition, Dr. Leventhal asked

the investigators how they arrived at the number of patients to be treated, i.e., 15

autologous patients and 15 controls?

Dr. Leventhal noted that the investigators have included a stopping rule as part of the

protocol; however, they failed to include this in the informed consent document. Dr.

[692] Recombinant DNA Research, Volume 15



Recombinant DNA Advisory Committee - 06/1-2/92

Leventhal asked whether or not the patients on this study will be allowed to receive

conventional therapy in addition to the experimental therapy? She noted that the

eligibility for the two protocols was different.

Dr. Leventhal asked the investigators to explain the reasoning for giving different

numbers of cells for each of the two protocols.

Dr. Murray asked the investigators to address future plans for establishing animal models

since they have not proposed one. Dr. D. Miller stated that a monkey model is

available. Since the TAR regions of Simian Immunodeficiency Virus (SIV) are similar

to HIV, this animal would be an appropriate model to test the vector.

Presentation-Dr. Smith

Dr. Murray called on Dr. Smith to respond to the questions presented by the primary

and secondary reviewers as well as the other committee members. Dr. Smith stated that

the rationale behind this proposal is that a complex between the 5' end of the HIV
messenger RNA (mRNA) from TAR forms a complex with the HIV encoded protein

TAT and at least one or more cellular proteins. This complex is an absolute

prerequisite for HIV transcription and HIV replication. Short RNA sequences, called

TAR decoys (DCTAR), mimic the 5' region of the nascent HIV mRNA. Since the TAT
is sequestered, the complex is rendered inactive.

Dr. Smith said that the original in vitro assays were performed with DCTAR transduced

CEMss cells that were selected for neomycin resistance in G418. These subclones were

found to express very high levels of DCTAR RNA. When these subclones were
challenged with HIV, a 99% inhibition of HIV reverse transcriptase was observed.

These cultures were maintained for 21 days.

Dr. Smith said that the ideal in vitro experiment would be to transduce totipotent stem

cells with DCTAR; however, he has not been able to achieve efficient transduction

frequencies in this cell population.

Dr. Smith presented data regarding the transduction of CD4( + ) peripheral blood T cells.

The CD4( + ) cells were treated with PHA and IL-2 for 24 to 48 hours, followed by

coculture with the vector producing packaging cell lines. RNA and DNA analysis

revealed a 10-20% transduction efficiency. These cells were cultured for several days

prior to HIV challenge.

Dr. Parkman inquired as to whether or not in situ hybridization assays were performed?

Dr. Smith responded that all attempts to perform these experiments have been

unsuccessful. Dr. D. Miller asked how the patient material would be analyzed for
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integrated proviral DNA? Dr. Smith responded that the patients will be monitored by

PCR analysis.

Dr. Parkman asked if the investigators will be looking at the DNA rather than the RNA?
The examination of DNA would be making the assumption that all of the RNA is going

to be transcribed. Dr. Smith stated that he would address this issue later.

Dr. Haselkom asked Dr. Smith to explain the fact that almost complete protection from

HIV infection is observed if only 10-20% of the cell population has been transduced?

Dr. Smith stated that one explanation would be that TAR decoy transduced cells are

growing out and expanding during this time period and diluting out immunofluorescence

assay (IFA) + and P24 producing cells.

Dr. Smith said that one of the questions that he had attempted to address was whether

or not the production of TAR decoy RNA adversely affects the immunologic function of

CD4( + ) cells. A CD4( + ) cytotoxic T lymphocyte (CTL) clone was transduced with the

DCTAR encoding provirus. G418 selection of neomycin resistance expressing subclones

was performed. Subcloning was performed to obtain CTLs that express high levels of

the DCTAR. These cells were tested in a chromium release assay and compared to

control cells. No significant difference was observed in CTL function.

Dr. Smith stated that transduced cells were assayed for malignant transformation.

Following 21-25 days in culture with IL-2, the cells were concentrated, divided into two

aliquots and recultured with or without IL-2. No evidence of IL-2 independent growth

was observed.

Dr. Smith said that assays were performed for the detection of replication competent

murine retrovirus using the NIH 3T3 amplification assay. Culture supernatants from

CD4( + ) DCTAR transduced cells were examined after several weeks in culture. No
evidence of replication competent retrovirus was observed.

In response to the reviewer's concerns about the autologous protocol, Dr. Smith stated

that the apheresis procedure may adversely affect the HIV infected individuals because

their CD4 counts are marginal. In addition, there is concern that the mitogen stimulus

in these cells may actually increase the HIV burden when reintroduced into the patient.

Therefore, the current focus should be on the syngeneic protocol. The syngeneic

protocol is the only protocol he wants the RAC to consider today.

Dr. Smith stated that he does not expect to observe a therapeutic effect from this

protocol because of the small number of cells that will be infused.

Dr. Smith addressed the RAC's concerns regarding the status of the preclinical data for
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the syngeneic protocol. He stated that the results from the IL-2 transduction procedure

and refining of the competitive PCR assay is anticipated within the next several months.

Regarding the use of the SIV animal model, Dr. Smith said the he has not completed

these studies due to cost restraints. These in vivo experiments may take several years to

complete.

Dr. Smith said that he will make the appropriate additions to the informed consent

document stating that patients may not receive an immediate therapeutic effect as a

result of participating in the protocol, and that there will be a request for autopsy. He
will readdress the issue of costs associated with research procedures with his IRB since

changes cannot be made without their approval.

Dr. Smith stated that pregnant or lactating women have been excluded only because of

the remote possibility that replication competent murine or human xenotropic retrovirus

may be generated and transferred to a newborn child.

Dr. Smith stated that the informed consent document for the syngeneic protocol will be

presented along with other treatment options available to the patient and the twin at a

very early stage.

Dr. Smith stated that the toxicity issues were addressed at the Food and Drug
Administration's (FDA) pre-investigational new drug (IND) meeting. In response to the

FDA's concerns, the DCTAR transduced PBL will be injected into the severe combine

immune deficiency (SCID) human/mouse model. Histology will be performed on these

animals, and fatalities will be documented.

Mr. Capron inquired as to how the costs incurred by HIV patients not covered by private

insurance are currently being covered at Memorial Sloan-Kettering? Dr. Smith

responded that he did not know how these costs are covered; however, treatment at this

institution generally requires that the patient already be covered by private insurance or

provide a cash payment. Mr. Capron asked if Memorial Sloan-Kettering has a medicare

contract? Dr. Smith said he did not know and would have to contact knowledgeable

personnel at his institution.

Dr. Leventhal stated that the investigators had not adequately addressed her questions

regarding the inclusion of a statement in the informed consent document requesting

biopsies. Also, no answer has been provided regarding the number of patients being

proposed for treatment and how the investigators arrived at this number. Dr. Smith

stated that the number of patients proposed was provided by statisticians at Memorial

Sloan-Kettering. These statisticians said that this number of patients would provide

statistically significant information over a two-year period.
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Dr. Leventhal stated that since this study is not designed for a therapeutic effect, 15

patients is excessive for a Phase I study.

Dr. Parkman asked Dr. Smith if he was formally withdrawing the autologous protocol for

consideration by the RAC? Dr. Smith stated that he is formally withdrawing the

autologous protocol.

Dr. Parkman stated that the syngeneic protocol is designed to stimulate PBLs from a

normal sibling with OKT3 and IL-2 and to transduce them with retroviral vector

supernatants. Since the investigators have only performed this transduction experiment

one time, no data are available regarding the efficiency of transduction. The
investigators have a responsibility to present efficacy data in an analogous system prior to

submission of a protocol to the RAC for formal review.

Committee Motion

Dr. Post moved to defer approval of the syngeneic protocol. Dr. Secundy seconded the

motion.

Dr. Leventhal stated that when the investigators resubmit this protocol, the investigators

must: (1) include extensive animal toxicity data, (2) clearly define acceptable levels of

transduction and provide justification regarding the number of patients to be treated, and

define protection.

Dr. Smith asked the RAC to provide guidance as to what would be an acceptable range

of in vitro experiments. Dr. Geiduschek cautioned that it is not the responsibility of the

RAC to establish acceptable numbers for experiments. It is the responsibility of the

investigators to provide adequate data to justify the approval of their protocol.

Dr. Smith asked the RAC if the simian immunodeficiency virus animal model would be

required. Dr. Parkman responded that the investigator should choose the most

appropriate in vivo model. In vivo models are certainly better than in vitro models, and

the SCID mouse model would provide useful information.

Dr. D. Miller stated that there may be monkeys available that already have SIV at a

particular stage. Perhaps if the investigators contacted primate centers, these monkeys

may be available to them. The autologous experiment could be performed in this

instance.

Dr. Geiduschek asked if the over production of TAR sites resulted in the synthesis of tat

protein? These experiments should be performed.
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Dr. Walters stated that the investigators should define the control groups more clearly in

the revised protocol. What forms of chemotherapy will be available these groups of

patients?

The motion to defer approval of the syngeneic protocol passed by a vote of 20 in favor, 0

opposed, and no abstentions.

VII. PROPOSED ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING
A HUMAN GENE TRANSFER PROTOCOL ENTITLED USE OF TWO RETROVIRAL
MARKERS TO TEST RELATIVE CONTRIBUTION OFMARROWAND PERIPHERAL
BLOOD AUTOLOGOUS CELLS TO RECOVERYAFTER PREPARATIVE
THERAPYIDR. DEISSEROTH:

Review-Dr. Doi

Dr. Murray called on Dr. Doi to present his review. Dr. Doi presented an overview of

the protocol submitted by Dr. Albert Deisseroth of MD Anderson Cancer Center,

University of Texas, Houston, Texas. Dr. Doi stated that the proposed objective of the

protocol is to determine if leukemia relapse following autologous bone marrow and

peripheral blood stem cell transplantation is a result of: (1) leukemic blast cells

remaining in the systemic circulation after preparative therapy, or (2) blastic leukemia

cells remaining in the autologous peripheral blood stem cells and marrow that is used for

restoration of marrow function.

Dr. Doi noted that the protocol is designed to determine the relative contribution to

relapse of peripheral blood versus hematopoietic cells after transplantation. Chronic

myelogenous leukemia (CML) patients will be tested after reinduction of second chronic

phase or cytogenetic remission after accelerated phase or blast crisis. Two retroviral

vectors containing genes coding for neomycin resistance, LNL6 and GINa, will be used

to mark the patient's autologous bone marrow cells and peripheral blood cells,

respectively. Patients will be screened by PCR for these two genes at the time of

relapse.

Dr. Doi explained that PCR analysis will also be used to determine whether the marked
blast cells are normal or leukemic by testing for the Philadelphia chromosome marker,

BCR-abl mRNA. Morphological studies and fluorescent in situ hybridization will be

used to measure the level of leukemic cells present among the autologous cells used for

transplantation. If the neomycin resistance marker gene is detected in patient's blast

cells, relapse will be indicated by the transplanted autologous bone marrow and/or

peripheral blood. Conversely, if no marker is detected, relapse from systemic disease

will be indicated.
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Dr. Doi stated that Dr. Deisseroth responded to previous questions regarding the

sensitivity of the assay and the variation observed in transduction efficiency among the

various patient cells assayed. Dr. Doi inquired as to whether or not patients will be
screened for transduction efficiency prior to acceptance into the protocol.

Review-Dr. BrinckerhofT

Dr. Brinckerhoff stated that this protocol is very well thought out, and that the

investigators have extensive experience with the proposed procedures. Most of the

concerns are whether or not Dr. Deisseroth can demonstrate double marking. There was
very little data concerning GINa transduction versus LNL6. The investigators have

provided very little comparison of transduction by these two vectors.

Dr. Brinckerhoff noted that there will be a problem associated with interpretation of

relapse in the presence of negative data. The only time that a positive result will be

obtained is if relapse occurs as a result of a marked cell. There is always the possibility

that a patient will relapse from a peripheral blood or marrow cell that is not marked.

Dr. Brinckerhoff requested clarification regarding the PCR primers that will be used to

detect the Philadelphia chromosome marker, BCR-abl mRNA. The investigators plan to

determine the site of integration in order to distinguish clonality versus polyclonality.

She asked Dr. Deisseroth if he will be using Southern blot analysis and restriction

fragment length polymorphisms to determine this information.

In conclusion, Dr. Brinckerhoff said that the investigators provided two informed consent

documents, one was extremely clear and the other somewhat confusing. Both forms

should be clear, concise, and similar in format.

Other Comments

Dr. Murray noted that one of the reviewers of this protocol, Ms. Nancy Buc, was not

able to attend today's RAC meeting; therefore, no comments from Ms. Buc were

presented. Dr. Parkman asked Dr. Deisseroth to address the availability of matched

unrelated bone marrow transplant donors for these patients with CML. If patients are

not cured by the use of autotransplantation and no long-term stabilization of their

chronic phase disease is observed, than the proposed study may not be justified.

Dr. Post suggested that it would be useful for Dr. Deisseroth to provide an update on his

previously approved marking protocol. Dr. Post inquired as to whether the investigators

performed experiments designed to look at the transduction of CD34( + ) enriched bone

marrow cells.
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Ms. Meyers commented that sections of the informed consent document were written in

language that is considered too technical to be understood by a layperson. Also, a

request for autopsy was omitted from the document. Dr. Deisseroth needs to explain the

differences between this protocol and his previously approved protocol. Will any new
information be derived from this study?

Dr. Geiduschek noted that a similar CML protocol, submitted by Dr. Cynthia Dunbar, is

on the agenda for the RAC meeting tomorrow. Since some of the information derived

from these two protocols is duplicate in some aspects, he suggested that the RAC
consider the number of patients being entered into each protocol. There are also

dissimilarities between Drs. Deisseroth and Dunbar's CML protocols.

Dr. Geiduschek stated that his major concern regarded the safety issues surrounding the

administration of chemotherapy/radiation treatments that could be fatal to a small

percentage of these patients. If the only benefit of this protocol is gene marking, than

the risks associated with the treatment should be a major consideration.

Dr. Geiduschek noted a significant difference between Drs. Deisseroth and Dr. Dunbar's

protocol. Dr. Deisseroth proposes to reconstitute the patients entirely with CD34( +

)

selected cells, and Dr. Dunbar proposes to reconstitute with a combination of CD34( + )

marked cells and unselected bone marrow that has been cryopreserved and stored. Dr.

Deisseroth needs to compare these two strategies.

Dr. Geiduschek stated that Dr. Dunbar has presented in vivo monkey data demonstrating

that these animals were infected with supernatants that were contaminated with

replication competent virus. In turn, these monkeys developed T-cell

leukemia/lymphoma. The investigators stated that safety tests performed on
approximately 200 supernatants containing safety modified vectors at GTI indicate that

no replication competent virus is present. Dr. Deisseroth needs to expand on this data.

What is the upper limit of contamination with statistical extrapolation?

Dr. Leventhal asked the investigators to explain why they are choosing to use purged

bone marrow for transplantation versus unpurged? Will the use of purged marrow affect

decisions regarding CD34( + ) selection and the risk/benefit considerations.

Presentation-Dr. Deisseroth

Dr. Murray called on Dr. Deisseroth to respond to the questions presented by the

primary and secondary reviewers as well as the other committee members. Dr.

Deisseroth stated the difference between this proposed protocol and his previously

approved protocols. Dr. Deisseroth said that this protocol is designed to treat patients

with autologous cells that are in the last phase, the accelerated or blast crisis phase, of
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their disease. There are no allograft donors available for these patients. In addition,

these patients have proven insensitive to interferon treatment, the only other alternative

therapeutic approach.

Dr. Deisseroth stated that chemotherapy will be administered to these patients in an

attempt to induce a cytogenetic response. This response will allow for an opportunity to

store normal progenitor cells from the patient for later use in autologous bone marrow
transplantation. Progenitor cells are a more desirable choice over a total population of

chronic phase cells for transplantation because data indicates that the probability of a

durable cytogenetic response is greatly increased when normal diploid cells are used that

are devoid of blasts. This increase in cytogenetic remission was observed when
hematopoietic reconstitution with these diploid cells was preceded by systemic therapy.

Dr. Deisseroth explained that the objective of the protocol is to assess the relative levels

of contamination of the peripheral blood and bone marrow with blast cells and/or

Philadelphia chromosome positive cells. The safety modified vectors which contain the

gene coding for neomycin resistance, LNL6 and GINa, will be used to determine the

origin of relapse. Does relapse occur as a result of systemic disease remaining after the

systemic therapy; or from residual leukemic cells remaining in the fractionated marrow?

Dr. Deisseroth stated that important data will be derived from the results of this study

regarding the optimal source of hematopoietic tissue for reconstitution. This protocol is

the first one designed to compare the relative capacity of peripheral blood versus bone

marrow in reconstitution.

Dr. Deisseroth explained that CML cells do not exhibit the surface cytoadhesion

molecules that are present on normal myeloid cells. It is this molecule that allows cells

to adhere to stromal elements within the marrow. It is hypothesized that there are large

numbers of early abnormal progenitor cells below the level of clinical detection in the

peripheral blood of these patients.

Dr. Deisseroth presented data demonstrating the advantage of using purged,

fractionated, hematopoietic cells for reconstitution. Patients who received fractionated

bone marrow demonstrated increased survival over patients receiving unfractionated

bone marrow.

Dr. Deisseroth compared patients that received autologous bone marrow transplants to

patients receiving allogeneic transplants. Early chronic phase patients who received

autologous transplants responded similarly to those patients who received allogeneic

transplants. These conclusions were based on data obtained from approximately 40

patients receiving autologous transplants and 40 patients receiving allogeneic transplants.
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In response to Dr. Doi's question regarding the variation in transduction rates between

patients, Dr. Deisseroth noted that Dr. Brenner has observed the same variation in

transduction in patients with AML. One eligibility requirement for entering this protocol

is that patients will be screened to ensure that their cells will be transduced at a

measurable frequency.

Dr. Deisseroth explained that there is no sensitive method available for detecting

leukemic progenitors in the patient's peripheral blood after delivery of the preparative

regimen prior to transplant. The investigators have to wait until hematopoietic function

is restored to observe the presence or absence of leukemic cells.

In response to questions regarding the selection for CD34(+) cells, Dr. Deisseroth stated

that it is common for early progenitor cells and normal diploid cells to proliferate

following conventional dose chemotherapy or interferon treatments. One hypothesis is

that CML is a disease in which the Philadelphia positive chromosome selectivity

promotes the expansion of late progenitors, having little impact on early progenitor

phenotype. Fractionation to enrich CD34( + ) cells results in a decline in Philadelphia

chromosome positive cells. The population of diploid cells obtained from patients

following conventional dose chemotherapy will be enriched in normal cells by CD34( +

)

selection.

Dr. Deisseroth stated that CD34( + )/HLA-DR(-) selection has been performed in nine

CML patients. Selections were performed on bone marrow as well as peripheral blood

cells. Large numbers of cells were selected that generate rapid diploid reconstitution in

these CML patients.

In response to Dr. Doi's questions regarding possible mechanisms or assays that will aid

in monitoring hematopoietic reconstitution and evaluation of the patient's peripheral

blood and bone marrow, Dr. Deisseroth said that he is currently perfecting a fluorescent

in situ hybridization technique for the detection of Philadelphia chromosome positive

cells. Once perfected, results will not have to be based solely on PCR data, but can be

obtained by microscopic observation of these cells. Dr. Deisseroth presented

photographs that detailed the sensitivity of this in situ hybridization technique.

Dr. Deisseroth responded to Dr. Brinckerhoffs question about the frequency of marking

with LNL6 versus GINa. Data was presented using bone marrow cells obtained from

CML patients. The cells of 7 patients were transduced with LNL6 versus 16 patients

with GINa. The imbalance of data was attributable to the fact that there was not as

much of the LNL6 vector available from GTI at the time the experiments were

performed. Dr. Deisseroth noted that preliminary data is available demonstrating that

double marking occurred, and he is confident that CML cells will be transduced by both

vectors with equal frequencies.
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Dr. Deisseroth explained that the presence of marked cells after a relapse will clearly

indicate that the marrow was contaminated. The question to consider is what
conclusions can be made if a relapse occurs and no marked cells are detected. There

are three possible explanations for this result: (1) the marking frequency is insufficient

in that particular patient, (2) there is a clonal evolution that would exclude marked cells,

and (3) the bone marrow cells are not contributing to the relapse. An estimated 6,000

blast cells will be marked in both peripheral blood and bone marrow cell preparations

prior to reinfusion. Marking frequency of approximately 1% was observed. Therefore,

the probability of not detecting a polyclonal relapse is below 10‘ 12
,
based on statistical

considerations. He stated confidence in detecting marked cells if relapse is occurring

from cells that remain in the marrow used for the restoration of hematopoietic function

by autologous transplantation. No single interpretation exists if no marked cells are

detected.

Dr. Deisseroth described experiments in which methyl cellulose colonies were picked and

reverse transcriptase assays were performed. Double sequence PCR amplifications were

performed on the cDNA obtained from these cells. Amplifications for both the

neomycin resistance and BCR-abl genes were performed in the same tube using a

combination of primers. A combination of primers allows for discrimination between the

BCR-abl positive and negative leukemic cells that are either neomycin resistance positive

or negative. Multiple primers eliminates the possibility of ambiguous results.

Dr. Deisseroth explained that the retroviral vectors, GINa and LNL6, are distinguishable

because GINa has an extra sequence that LNL6 does not have and GINa codes for a

Not I site.

In response to Dr. Brinckerhoffs question regarding the analysis of the integration sites

with the retroviruses, Dr. Deisseroth explained that Southern blot analysis will be used

on some patients. This procedure will determine if there has been a polyclonal evolution

of leukemic cells attributing to relapse and whether these cells are from peripheral blood

or bone marrow.

Dr. Deisseroth said that the inconsistency between the two informed consent documents,

as noted by Dr. Brinckerhoff, is that there is an original therapeutic consent document

previously approved by the RAC and a consent form for the double marking. This

double gene marking document is the only one to be considered by the RAC.

Dr. Deisseroth stated that he will include a section in the informed document regarding

a request for autopsy as requested by Ms. Meyers.

Status Report-Dr. Deisseroth
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Dr. Murray asked Dr. Deisseroth to provide an update on his previously approved gene

transfer protocols to the RAC members. Dr. Deisseroth presented data from four

patients demonstrating that the transduction frequency is higher in CD34( + ) selected

bone marrow cells than unfractionated cells. Data was shown indicating a 10%
transduction frequency in peripheral blood cells following CD34( + ) selection.

Dr. Deisseroth responded to Dr. Geiduschek's concerns regarding the possibility of

contamination with replication competent virus. Dr. Deisseroth stated that the monkey
lymphomas that developed as a result of viral infection, resulted from the administration

of cells that had been transformed with a different retroviral vector that would never be

approved for use in patients.

Dr. Deisseroth noted that all of the patients entering his protocol are informed of the

monkey data. This information is included in order to avoid any accusations of

withholding information from patients. All of the vector supernatants and transduced

cells will be assayed for the presence of helper virus by the NIH 3T3 amplification assay

and the S( + )L(-) assay.

Dr. Geiduschek asked what volume of supernatant will be used to assay for helper virus.

Dr. Deisseroth responded that approximately 7xl06
cells will be transduced in a total

volume of between 100 and 300 milliliters. Another advantage to CD34( + ) selection is

that fewer numbers of cells are exposed to virus. Therefore, the probability of

integrational mutagenic events is reduced. The viral content in this volume of

supernatant is approximately 1x10
s

. Since 1.5 milliliters of supernatant is used for one

helper virus assay, the theoretical limit is approximately one particle in lxlO
6

.

Other Comments

Mr. Capron restated his concerns regarding the technical language included in the

informed consent document. Dr. Deisseroth explained that he is responsible for

providing patients with adequate information so that they can make informed decisions.

The majority of patients eligible to enter this protocol have already participated in a

number of research protocols at MD Anderson. These patients have already been
exposed to and understand much of the terminology used in these informed consent

documents, e.g., most of these patients have received interferon previously. All MD
Anderson patients are provided with a video tape and written descriptive materials

detailing the therapeutic program, the setting in which it is delivered, and possible

complications before the informed consent setting is initiated. A clinic nurse spends

many hours explaining the concepts of the therapies and the issues to these patients. As
principal investigator of these protocols, he spends at least one hour with each of these

patients.
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Dr. Deisseroth noted that MD Anderson provides care to all patients, irrespective of

their financial capability. Any resident of Texas has the right to receive the most
advanced therapeutic treatment available at MD Anderson.

Dr. Secundy noted that the tools and steps outlined by Dr. Deisseroth could easily be

identified and stated clearly in the informed consent document. There is a concern that

many of the patients eligible for the protocol have already been through the MD
Anderson system, and some patients may be excluded who have not been enrolled in the

system previously. Dr. Deisseroth responded that the system is not closed, and that

patients come from all levels of society. Multiple visual and verbal communications are

provided in addition to written documentation to ensure that all patients have a clear

understanding of the background, procedures, and risks associated with the protocol. Dr.

Secundy asked Dr. Deisseroth if he would include the steps described, i.e, the videotape,

the conversations with the nurse practitioner, the various other steps, as part of the

informed consent document? Dr. Deisseroth stated that he will provide the RAC and

other interested parties with documentation of the systems that are in place at MD
Anderson. Dr. Deisseroth stated that any committee member is welcome to observe the

informed consent process at MD Anderson because it is a model institution that treats

people from all levels for society.

Dr. Parkman stated that the level at which the informed consent document is written is

not uncommon for patients undergoing experimental bone marrow transplants at the

Childrens Hospital of Los Angeles. Patients with this disease are well informed and

educated about their disease because they have experienced many manifestations of their

disease over the years.

Mr. Barton reminded the RAC that it is its particular responsibility to review the

portions of the informed consent documents pertaining to the gene transfer/therapy

aspects of the protocol. He asked Dr. Deisseroth if the videotape discusses the gene

therapy issues. Dr. Deisseroth responded that the videotape does not cover these issues.

Dr. Dronamraju asked Dr. Deisseroth the approximate percentage of his patients who
are non-English speaking? Dr. Deisseroth stated that about 30% of his patients do not

speak English. Dr. Dronamraju inquired as to whether or not this document could be

written in simpler, less technical terminology. Dr. Deisseroth responded that if he uses

this approach, than the patients would not be informed adequately.

Dr. D. Miller returned to discussion of the scientific aspects of the protocol. He asked if

the investigators were looking for contaminating blasts in peripheral blood and bone

marrow cells. Are they screening by PCR for BCR-abl recombination? This procedure

would provide a sensitive assay for the number of blast cells contributing to

reconstitution. This strategy could be used to determine if the purging techniques are
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adequate. Dr. Deisseroth stated that not all PCR positive cells will contribute to disease.

CML may be a multi-step process.

Dr. Geiduschek returned to the issue of the sensitivity limits for detection of replication

competent virus. He summarized an earlier discussion stating that it is not possible to

exclude the high probability that every patient, or most of the patients, will receive more
than one replication competent virus particle in their total treatment. Dr. Deisseroth

was asked to comment further on this issue. He suggested that since Dr. Dunbar was

present, she may also want to comment on this issue.

Dr. Geiduschek stated that the other issue that the investigators should address is the

efficiency of CD34( + ) selection techniques.

Dr. Deisseroth said that data has been submitted for publication by other investigators

regarding CD34( + ) selection in non-leukemic patients undergoing autologous bone

marrow transplantation; for these non-leukemic patients, hematopoietic reconstitution

has been complete and rapid. Equivalent numbers of CD34( + ) cells have been obtained

from leukemic patients and the DR(-) subpopulation of CD34( + ) cells has been isolated.

It is this CD34( + )/HLA-DR(-) population of cells that has been shown to be normal

and non-leukemic. By every criterion, these are the cells that are most competent to

regenerate rapid hematopoietic reconstitution. However, the only way in which to prove

this theory is to transplant these cells into humans. He reminded Dr. Geiduschek that

there is always a reserve of cryopreserved cells available for autologous bone marrow
transplantation in the event that engraftment does not occur.

Dr. Geiduschek asked if the CD34( + ) selection procedure will provide these patients

with a margin of benefit in return for the risk? Dr. Deisseroth acknowledged that the

first step of the bone marrow fractionation process offers a large potential for benefit to

these patients. He stated a reluctancy to introduce both fractionation steps at the same
time. Bone marrow reconstitution from CD34( + ) fractionated cells must be

demonstrated prior to introducing further selection procedures. This protocol is a

systematic, step-wise plan to use retroviral marking to resolve very important therapeutic

issues.

Mr. Capron asked if the results of this protocol demonstrate that CML relapse is the

result of inefficient purging of the autologous transplanted bone marrow cells, will this

lead to more intense purging and a more stringent preparatory treatment? Dr.

Deisseroth responded that due to the heterogeneity of this disease and the random
somatic mutations, it is conceivable that some patients will relapse from contaminating

marrow cells and others will relapse from systemic disease. However, these gene

marking studies will allow for independent evaluation of the contribution of the bone
marrow for systemic disease. Knowledge should be obtained about the relative
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contribution of the two sources of relapse.

Mr. Capron stated that it is extremely important that investigators planning to submit

protocols to the RAC for review should not underestimate the importance of a well

designed and thought out informed consent document. In addition, principal

investigators should detail the process by which these patients will receive this

information. Dr. Deisseroth stated that he appreciated the RAC's questions and

comments concerning the informed consent process, and that it is important for stringent

dialogue to transpire between people who represent all aspects of society. It is

important to ensure that these gene therapy programs are launched in a manner that is

evaluable as well as in the best interest of society.

Dr. Parkman stated that some of the controversy surrounding the contents of the

informed consent document stems from the fusion of the Human Gene Therapy

Subcommittee (HGTS) with the parent committee, the RAC. The informed consent

document provided by Dr. Deisseroth that has elicited this controversy today is a

therapeutic protocol and is separate from the gene marking document. The RAC should

focus on the gene therapy aspects similar to the HGTS.

Dr. D. Miller commented on the issue of helper virus contamination. Although it is

difficult to detect helper virus in the small volumes of supernatant being tested, the RAC
should be reassured by the fact that Dr. Brenner has been able to culture the vector

producing cells for many months without detecting any viral contamination. If there

were undetectable levels of virus initially, there would be enormous amounts of virus

present following several weeks in culture. Dr. Brenner's estimate of 15 helper virus

particles per liter is an overestimate. Dr. McGarrity commented that supernatant

samples for helper virus assays are taken from pooled production runs, not one ampule

or one flask.

Dr. Walters asked if the patients will be subjected to more than one procedure for

obtaining bone marrow? Dr. Deisseroth responded that twice the necessary quantity of

peripheral blood and bone marrow cells are stored for transplantation. Storing a large

number of cells ensures that cells will be available for a second transplantation

procedure should the first engraftment fail.

Dr. Leventhal asked if patients would be subjected to additional procedures beyond

those that would be required for bone marrow transplantation, e.g., more needle sticks.

Dr. Deisseroth replied that the gene marking patients will not be subjected to any

procedures except for sampling in order to monitor the gene markers. These sampling

procedures are explained in detail in the informed consent document.

Dr. Carmen moved to call the question. The motion was seconded by Dr. D. Miller. By
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a vote of 14 in favor, 6 opposed, and no abstentions, the RAC voted to call the question.

Committee Motion

Mr. Capron moved to approve the protocol. Dr. Brinckerhoff seconded the motion. The
motion to approve the protocol passed by a vote of 20 in favor, 0 opposed, and no

abstentions. The RAC suggested that the following items be submitted; however, these

suggestions are not a requirement for approval: (1) a simplified informed consent

document, and (2) a document summarizing the entire informed consent process, i.e.,

forms, videotapes, interviews, etc.

VIII. REPORT FROM THE WORKING GROUP ON DATA MANAGEMENT:

Report-Dr. Leventhal

Dr. Murray called on Dr. Leventhal to provide an update on the Working Group on
Data Management. Dr. Leventhal stated that there is increasing need to obtain data

from the gene transfer/therapy protocols that have been approved by the RAC. The
principal investigators of these protocols are beginning to submit abstracts that contain

important data. These investigators should also forward copies of these relevant data to

the RAC. The Working Group on Data Management devised a form that the

investigators would be required to complete regarding the status of patients and result

obtained. However, the consensus of the RAC at that time was that these investigators

were already required to submit reports for other purposes, e.g., FDA review, and that

requiring investigators to complete an additional form would place too many demands on
them. Consequently, the RAC has received no reports at all; this is inadequate.

Dr. Wivel proposed that the Office of Recombinant DNA Activities (ORDA) send a

letter to all of the principal investigators who have had gene transfer/therapy protocols

approved requesting a compendium of all abstracts on presented material to date. This

information should be submitted on a periodic basis. Dr. Leventhal suggested that a

request for annual IRB and FDA reports should be included.

Dr. Leventhal stated that the Working Group on Data Management will be responsible

for reviewing these reports. She noted that the Points to Consider in the Design and
Submission of Protocols for the Transfer of Recombinant DNA into the Genome ofHuman
Subjects (Points to Consider) requires that an annual report be submitted to RAC.

Dr. Post inquired if submission of IRB annual reports would cause problems with

confidentiality of information? Dr. Parkman noted that an annual report is required in

the Points to Consider which means that one of the conditions of having RAC approval is

submission of this information.
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Dr. Post expressed concern regarding the fact that information forwarded to ORDA will

not be confidential. A way of solving this dilemma is to request protocol information

after it is made public. Mr. Capron said that this is not a sufficient criterion.

Dr. Murray suggested that ORDA send a letter requesting a compendium of abstracts,

papers, IRB reports, and FDA reports as discussed previously. Dr. Leventhal added that

if the information received over the period of one year becomes too unmanageable, the

RAC may propose an alternative reporting procedure.

IX. PROPOSED CATEGORIES OF GENE TRANSFER:

Dr. Murray called on Mr. Capron to open the discussion on proposed categories of Gene
Transfer. Mr. Capron stated that the RAC is gaining significant experience in reviewing

gene transfer experiments encompassing broad areas of research. The RAC should

begin to consider protocol review in terms of the degree of risk that is associated with

the proposed research. The RAC should consider at least three categories of gene

transfer experiments: (1) retroviral gene marking alone, (2) gene insertion for purposes

of modifying the effects of therapeutic agents, and (3) gene insertion to restore normal

cell

function.

Dr. Walters noted that the RAC has not reviewed any protocols relating to the direct

genetic treatment of cancer. Although 20 of the first 26 protocols submitted to the RAC
involved cancer patients, these protocols proposed the use of gene transfer to supply

cytokines or chemotherapeutic agents to malignant cells or to boost the immune system.

These protocols have not addressed genetic therapy, e.g., P53 or ras oncogenes.

Dr. D. Miller stated that he was in disagreement with categorizing gene transfer

experiments. He did not recognize a need for reviewing protocols differently. However,

the RAC may want to distinguish between gene therapy and cellular therapy such as the

protocol submitted by Dr. Oldfield. Dr. D. Miller noted that the FDA has a protocol

category entitled cell therapy.

Dr. Parkman said that the only distinction that can be made between gene transfer

categories would be that gene marking experiments may be reviewed differently than

protocols designed to obtain a therapeutic effect. The purpose of this discussion is that

in the future RAC may want to review certain categories of experiments from a different

administrative perspective. Gene marking experiments may be one of these categories.

For example, the safety issues involving the addition of a second vector to Dr.

Deisseroth's protocol may have been dealt with independent of the entire protocol.

Dr. DeLeon stated that it might be remiss for the RAC to separate categories of gene
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transfer. Even in Dr. Oldfield's protocol, where cells will be administered, there is still

gene insertion involved.

Dr. Haselkom asked Mr. Capron what the purpose of categorization would be and if he

anticipated administrative differences in the review of certain protocols? Mr. Capron

stated that Dr. Walters provided an initial categorization of gene transfer versus therapy

protocols as Chair of the HGTS. Mr. Capron stated that he would like to expand these

two categories to include cellular approaches versus true gene therapy.

Dr. Kelley suggested that the RAC should not belabor nomenclature at this time. All of

these protocols come within the purview of the RAC, and this issue is all that needs to

be considered. Dr. Murray noted Mr. Capron's proposal is a starting point for the RAC
to consider issues that may arise in the future as increasing numbers of protocols are

reviewed and approved.

Dr. Murray ended the first day's session.

X. PROPOSED ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING
TWO HUMAN GENE THERAPY PROTOCOLS ENTITLED: IMMUNIZATION WITH
HLA-A2 MATCHED ALLOGENEIC MELANOMA CELLS THAT SECRETE
INTERLEUKIN-2 (IL-2) INPATIENTS WITH METASTATIC MELANOMA AND (2)

IMMUNIZATION WITH IL-2 SECRETING ALLOGENEIC HLA-A2 MATCHED
RENAL CELL CARCINOMA CELLS INPATIENTS WITHADVANCED RENAL
CELL CARCINOMA/DR. GANSBACHER:

Metastatic Melanoma Protocol

Review-Dr. Kelley

On June 2, 1992, Dr. Murray reconvened the RAC meeting. She called on Dr. Kelley to

present his reviews. Dr. Kelley presented an overview of the two protocols submitted by

Dr. Bemd Gansbacher of Memorial Sloan-Kettering Cancer Center, New York, New
York. Dr. Kelley described the first protocol as a pilot study of the immunization with

human leukocyte antigen (HLA)-A2 matched allogeneic melanoma cells that secrete

IL-2 in patients with metastatic melanoma. The objective of the protocol is to evaluate

an allogeneic melanoma vaccine that has been transduced with a retroviral vector

containing a gene coding for IL-2. The investigators will attempt to determine the

toxicity of this vaccine preparation, its anti-tumor activity, and evaluate the induction of

humoral and/or cellular immunity in patients with metastatic melanoma.

Dr. Kelley said that the protocol was based on in vivo data in which tumor bearing

animals were treated with cytokine transduced tumor cells that resulted in local secretion
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of cytokines exhibiting anti-tumor responses, via stimulation of specific immunity.

Dr. Kelley stated that HLA-A2( + ) metastatic melanoma patients will be immunized with

an allogeneic HLA-A2( + ) melanoma cell line that has been transduced with the

retroviral vector NAPAD-IL2. The use of an allogeneic tumor obviates the need for

establishing a cell line for each patient. The allogeneic tumor cells will be irradiated to

prevent their replication. The investigators will treat 12 patients with a low dose vaccine

and 6 patients with a high dose vaccine.

Dr. Kelley noted that the investigators have extensive experience in the treatment of

melanoma. The protocol is straightforward and reasonable and the clinical monitoring is

appropriate.

Dr. Kelley posed several questions to the investigators: (1) What is the persistence of

irradiated tumor cells in an animal model using allogeneic hosts? (2) Can these

experiments be performed in an animal model that more closely simulates the treatment

being proposed for use in humans? (3) Why were in vitro experiments demonstrating the

persistence of IL-2 secretion performed in melanoma cell lines different from the cell

lines proposed for human studies? Does IL-2 secretion persist in SK-MEL-29? (4)

Should patients be excluded from this study if they have received prior autologous or

allogeneic tumor vaccines? (5) Will patients be monitored for the presence of helper

virus? and (6) Will there be long-term follow up on these patients? If the investigators

are able to respond to these questions adequately, this protocol is appropriate for

approval by the RAC.

Review-Ms. Meyers

Ms. Meyers stated that Dr. Gansbacher responded sufficiently to all of her previous

suggestions regarding the informed consent document. Ms. Meyers stated that this

document is very readable and understandable. The only remaining concerns she has

relate to the inclusion and exclusion criteria. The criteria implies that the investigators

are searching for the healthiest patients rather than the most severely impaired patients

to enter into this protocol.

Review-Dr. Bourquin

Dr. Bourquin stated that the protocol was well written and thought out. There is a slight

degree of confusion regarding the various revisions of the informed consent document.

If Ms. Meyers was satisfied with the final version than he was in agreement.

Presentation-Dr. Gansbacher
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Dr. Murray called on Dr. Gansbacher to respond to the questions presented by the

primary and secondary reviewers. Dr. Gansbacher explained that experiments have

demonstrated that melanoma tumor-associated antigens exist. Data suggest that HLA-
A2 is the best antigen presenter. HLA-A2 is expressed in 30-40% of Caucasians. Other

investigators have demonstrated that HeLa cells or T lymphocytes can be sensitized

against peptides presented by HLA-A2, and that these peptides can be recognized on
allogeneic cells.

Dr. Gansbacher described one study in which an HLA-A2(-) melanoma cell line was

transfected with the HLA-A2 gene, and that these cells were then capable of expressing

a peptide recognized by HLA-A2 specific CTL. He detailed another study in which a

gene has been identified, MAGE-1, that is expressed in melanoma antigens and some
other tumors but not in normal cells. This MAGE-1 gene is found in a CTL defined

epitope. He described another study in which the CTL precursor frequency in Stage III

and IV patients was examined. The analysis demonstrated that melanoma patients

exhibit a wide range of frequency of CTL precursors.

Dr. Gansbacher stated that the information derived from these experiments is evidence

for the validity of this protocol. An allogeneic HLA-A2( + ) melanoma cell line will be

irradiated and used to immunize HLA-A2( + ) patients with Stage IV disease.

Dr. Gansbacher noted that only the HLA-A2 haplotype was chosen because HLA-A2
presents a peptide that is recognized by allogeneic HLA-A2 specific CTL clones;

therefore, it is not necessary to match any other locus. He hypothesized that the

allogeneic response will be very strong, eliciting an effector cell population that may
contain appropriate T cell receptor rearrangement to react against weakly immunogenic
tumor antigens.

Dr. Kelley asked Dr. Gansbacher if he plans to re-immunize these patients or will one

immunization probably be effective? Dr. Gansbacher responded that the patients will

receive four vaccinations every two weeks.

Dr. Kelley asked if patients reject their melanoma cells, is there also the possibility that

they will reject normal melanocytes? Dr. Gansbacher responded to Dr. Kelley's previous

question regarding the choice of the SK-MEL-29 melanoma cell line for the in vitro

experiments. Dr. Gansbacher stated that SK-MEL-29 is the second most widely studied

melanoma cell line that exists. This cell line has already been used in other patients

using the same variables such as number of cells, irradiation, and administration of non-

identical HLA types. Although no side effects were observed, there was no response to

treatment.

Dr. Gansbacher explained that Sk-MEL-29 expresses four melanocyte differentiation
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antigens. Ninety-nine percent of patients receiving injections of SK-MEL-29 generated

an allogeneic response, and no control patients demonstrated a response against these

melanocyte differentiation antigens. If patients participating in this protocol generate

responses to the melanocyte differentiation antigens, significant information will be

obtained. It is known that to generate high affinity IgG responses, CD4 is necessary.

Could this elicit an immune response against normal melanocytes? Responses against

normal cells have never been observed in any of the animal models. Some of the

murine models have remained healthy up to 9 months.

Dr. Gansbacher stated that at the time he submitted the original protocol, no data was
available regarding the capacity of the melanoma cells to secrete IL-2 following

irradiation. He provided an update on the experiments that have now been completed.

All of the various cell lines that have been assayed continue to secrete IL-2 for several

weeks. The cell lines exhibit different levels of radiosensitivity, demonstrating varying

survival times.

In response to Dr. Kelley's concerns regarding the exclusion of patients who have

previously received autologous or allogeneic tumor vaccines, Dr. Gansbacher stated that

there were no instances of anaphylaxis in any of these patients. Therefore, there is no

obvious need to exclude them.

Dr. Gansbacher noted that he has included a section in the revised informed consent

document that details long-term follow up for patients participating in the protocol.

In response to Dr. Leventhal's comments, Dr. Gansbacher stated that patients will be

monitored for systemic toxicity with IL-2. Patients will also be monitored for non-

peripheral integration of retrovirus. Since these patients will receive lethally irradiated

cells subcutaneously, there should be no viral spread to other areas.

Dr. D. Miller reviewed the sequence of the NAPAD-IL2 retroviral vector. There is

concern that the MoMuLV GAG region of the vector could produce a truncated protein.

However, this response should not present a problem for this particular protocol because

the investigators are trying to stimulate an immune response.

Dr. D. Miller inquired if assays will be performed to observe the production of

endogenous human helper virus following irradiation? Dr. Gansbacher stated that these

safety studies have been performed. NIH 3T3 and HeLa cell amplifications were

performed, and there was no evidence of helper virus production. Dr. Gansbacher said

that he has also searched for G418 resistant colonies and performed reverse transcriptase

assays.

In response to Ms. Meyers comments regarding patient eligibility requirements, Dr.
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Gansbacher suggested that the inclusion/exclusion criteria be changed to include patients

with a life expectancy of more than four months and less than one year in order to limit

the patient population. Ms. Meyers said that this criterion would be acceptable.

Dr. D. Miller asked if no response is observed in these patients, will an attempt be made
to insert cells that secrete higher levels of IL-2? Dr. Gansbacher replied that the lack of

response may not result from the lack of IL-2 production; lack of response may reflect

the degree to which the tumor antigen is presented. Therefore, if no responses are

observed with this protocol, a revised protocol will be submitted using the MAGE-1
HLA-A1( + ) melanoma cells line transduced with IL-2. This cell line would allow

presentation of a well defined tumor specific antigen that is measurable. Consequently,

the patient eligibility requirements would change. This scenario can be manipulated

because Class I antigens can be upregulated.

Dr. Bourquin asked about follow up in patients that withdraw from this protocol? Dr.

Gansbacher replied that he has included the following sentence in the informed consent

document, "Even ifyou withdraw from the study, we will ask to continue to monitor the

state ofyour disease. Should you die we will ask for an autopsy".

Dr. Carmen submitted proposed language changes to both the melanoma and the renal

cell protocol informed consent documents regarding a description of the retroviral vector

as a mouse virus that will contain the gene for IL-2 as well as a bacterial marker gene.

Dr. Gansbacher accepted these changes with minor modifications.

Committee Motion

Dr. Kelley moved for approval of the melanoma protocol. The motion was seconded by

Dr. Haselkom. Ms. Meyers asked if the change in inclusion and exclusion requirements

for the patients could be included as part of the motion. Dr. Kelley stated that including

only those patients with a life expectancy of greater than four months and less than one

year is too restrictive, and it will be difficult to accrue patients. Dr. Gansbacher agreed

and suggested that he would agree to limit patient eligibility to those patients who have

failed primary chemotherapy. This statement was agreeable to Ms. Meyers.

The motion to approve the metastatic melanoma protocol passed by a vote of 20 in

favor, 0 opposed, and no abstentions with the following stipulations: (1) the patient

eligibility criteria is defined as those patients who have a life expectancy of greater than

four months and who have failed one course of conventional therapy, and (2) revised

language regarding the retroviral vector will be included in the informed consent

document.

Renal Cell Carcinoma Protocol
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Review-Dr. Kelley

Dr. Murray called on Dr. Kelley to review Dr. Gansbacher's renal cell carcinoma

protocol. Dr. Kelley explained that the protocol is designed to assess the prospect of

immunizing renal cell carcinoma patients with allogeneic HLA-A2 matched renal cell

carcinoma cells that have been genetically modified to secrete IL-2. The investigators

will monitor toxicity, induction of humoral and cell mediated immunity, and antitumor

effects. The rationale for this protocol is the same as the metastatic melanoma protocol.

Dr. Kelley stated that he had some of the same concerns that were generated by the

metastatic melanoma protocol as follows: (1) Have studies already been conducted in

which patients have been immunized with the non-transfected carcinoma cell line

proposed for use in this protocol? If these studies have been performed, do they provide

a proper control for the proposed experiments? If they do not provide proper control,

what controls will be included? (2) Will there be problems associated with the HLA
Class I alleles that are not matched? (3) Will the trafficking, homing, and persistence of

the carcinoma cells provide effective immunization? (4) Will trypsinization have an

effect on the cells? (5) The protocol indicates that immunization will always be with a

mixture of type A and B histocompatibility types. The proposed renal cell carcinoma

cell line, SK-RC-28, is ABH type A. Since some of the patients may be Type O,

circulating anti-A antibodies will destroy or clear the SK-RC-28 cells. Even if

immunization is successful, would the responses to antigens on the renal cell carcinoma

cell line be destroyed and cleared rapidly? (6) Will immunization result in immunologic

auto-reactivity to renal cells? and (7) Can the proposed measures of immune reactivity

be improved?

Review-Ms. Meyers

Ms. Meyers stated that she had the same concerns regarding inclusion and exclusion

criteria as with the metastatic melanoma protocol. Since IL-2 has been approved for the

treatment of kidney cancer, IL-2 treatment would be included as a viable treatment

option for these patients prior to entering the protocol.

Review-Dr. Bourquin

Dr. Bourquin suggested that changes should be incorporated into the informed consent

language regarding patient monitoring following withdrawal from the protocol.

Other Comments

Mr. Capron asked Dr. Gansbacher to discuss IL-2 treatment as a possible option for

patients prior to entering into this protocol. Dr. Gansbacher cautioned that although IL-
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2 has been approved by the FDA for patients with renal cell cancer, it is not necessarily

considered a standard therapy. Dr. Gansbacher suggested that the language could be

modified in the informed consent document so that patients can enter the protocol only

if they have failed all standard treatments, i.e., failed radiation therapy, surgery, and at

least one other course of treatment.

Dr. Kelley inquired as to the response rate of patients receiving IL-2 therapy alone. Dr.

Gansbacher stated that the response rate is in the range of 20-25%.

Dr. Parkman stated that an inclusion criterion of failure to respond to systemic IL-2

therapy would give more credibility to this protocol if patients respond to modified

tumor cells. A response to modified tumor cells and not to systemic ID2 would indicate

that IL-2 is necessary at the site where the effector cell is killing the tumor cell. Dr.

Gansbacher said that he was concerned that this criterion would greatly limit the patient

population for this study.

Dr. Kelley said that the investigators may want to exclude patients who have previously

received systemic IL-2 therapy because they may have generated an antibody response to

IL-2, resulting in a failure to respond. Dr. Gansbacher acknowledged that an IL-2

antibody response is of great concern because these responses have been documented in

patients previously.

Mr. Capron asked if recombinant IL-2 is used presently as a last line of treatment after

radiation therapy or chemotherapy for patients with renal cell carcinoma? Dr.

Gansbacher responded that patients are presented with several protocol options at

Memorial Sloan-Kettering. There is no standard therapy for patients with this disease.

The treatment available to these patients is based mostly on the stage of their disease.

Dr. Kelley said that there would be an advantage to offering this protocol to patients

who received IL-2 previously in addition to patients who had not received IL-2. This

comparison would provide information regarding possible toxic effects of the combined

therapies. Dr. Gansbacher noted that the protocol is now designed so that both patient

populations can be treated.

In response to Dr. Kelley's question regarding the use of the proposed cell line in

patients, Dr. Gansbacher replied that SK-RC-28 was derived from a patient who had a

solitary bone metastasis. This irradiated cell line was used as an autologous vaccine.

This patient is doing very well at the present time. These cells have never been used in

the allogeneic setting. Dr. Kelley suggested that if this therapy proves to be a successful

treatment for renal cell carcinoma, the investigators should propose to inject unmodified

tumor cells because they will need to demonstrate whether the effect is a result of the

irradiated tumor cells or the inserted gene. Dr. Gansbacher responded that data
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indicates that it is extremely unlikely that an antibody response or cytotoxic response will

be generated with an allogeneic cell alone, even if it expresses well established or

characterized epitopes.

Dr. Gansbacher addressed Dr. Kelley's question regarding the ability to analyze an anti-

tumor response in a setting in which there will be a strong anti-allogeneic response. In

essence, will there be enough autologous tumor cells available to test this response? Dr.

Gansbacher stated that one possible option would be to remove lymphocytes from

patients who only share the A2 part of the allogenic vaccine and restimulate these

lymphocytes with another allogeneic cell that shares only A2. This process will dilute out

the in vivo anti-allogeneic response by restimulating with a cell which only presents A2,

and possibly the shared peptide. Dr. Gansbacher described another possible approach

using cold target inhibition assays in which the patient's lymphocytes will be assayed

against the stimulated, autologous tumor cells.

Dr. Parkman asked how A2 is going to be typed since there are sue or seven different

subtypes? Have the investigators examined different isotypes of A2? Have the tumor

cell lines been isotyped? Does the isotype affect the cell's capacity to present peptides

to the T cells?

Dr. Gansbacher responded that he is aware that eleven different allotypes of HLA-A2
can be analyzed by DNA sequencing and five allotypes are distinguishable by

immunoelectrofocusing. The patients will be matched with the vaccine cell line by

allotype.

In response to Dr. Kelley's question regarding the effect of pre-existing antibodies to IL-

2, Dr. Gansbacher stated that if a primed population of cells already exists, the peak

response of these cells will occur within 48 hours. If tumor cells are destroyed rapidly, a

very strong immune response will be elicited in which proteins will be taken up and

presented to incoming effector cells. Dr. Gansbacher said that if rapid destruction of

tumor cells occurs, there may be enough remaining IL-2 secreted locally to start the

cascade of antigen presentation and global amplification of the T cell clones that have

the specific T cell receptor rearrangement.

Dr. Parkman inquired if human complement is capable of mediating tumor cell lysis? If

complement does lyse the tumor cells, the time frame will be less than 48 hours. Dr.

Gansbacher answered that he has not performed these experiments; however, there is no

evidence in the published literature that allogeneic vaccines have produced this effect.

Dr. Gansbacher addressed the possibility that the vaccine may generate an autoimmune

response to normal renal cells. In five different tumor models, there has never been any

evidence of an autoimmune response. In particular, there is no indication that
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autologous SK-RC-28 cells generated an autoimmune response in the patient from which

this cell line was derived. No evidence of an autoimmune response has been observed in

the melanoma setting in which patients received the allogeneic vaccines.

Dr. Kelley asked if the measures of immune activity can be improved? Dr. Gansbacher

replied that renal cell carcinoma cell line expresses GP120, GP140, and GP160 antigens.

Antibody response to these antigens should be measurable. Dr. Gansbacher stated that

CD4 mediated antibody response against well defined differentiation antigens is

extremely rare.

Mr. Barton asked Dr. Gansbacher to clarify exactly what the patient will be told about

alternative treatments since ID2 has recently been approved for use in patients with

renal cell carcinoma. Dr. Gansbacher stated that the patients who are presented with

this protocol have already been presented with a variety of alternative protocols, that

they have already failed. There are other protocols that exclude patients who have

received alternative treatments. Consequently, some patients could be excluded from

other protocols and still be eligible for this study.

Committee Motion

Dr. Kelley moved to approve the protocol. The motion was seconded by Dr. Bourquin.

The motion to approve the renal cell carcinoma protocol is contingent on the stipulation

that a revised statement be included in the informed consent document regarding the

description of the retroviral vector. The motion passed by a vote of 20 in favor, 0

opposed, and no abstentions.

XI. PROPOSED ADDITION TO APPENDIX D OF THE NIH GUIDELINES REGARDING
HUMAN GENE TRANSFER PROTOCOLS ENTITLED (1) GENETIC MARKING
WITH RETROVIRAL VECTORS TO STUDY THE BIOLOGY OF HEMATOPOIETIC
RECONSTITUTIONAFTER AUTOLOGOUS TRANSPLANTATION FOR MULTIPLE
MYELOMA

, (2) GENETIC MARKING WITH RETROVIRAL VECTORS TO STUDY
THE BIOLOGY OF HEMATOPOIETIC RECONSTITUTIONAFTER AUTOLOGOUS
TRANSPLANTATION FOR BREAST CANCER, AND (3) GENETIC MARKING WITH
RETROVIRAL VECTORS TO STUDY THE BIOLOGY OF HEMATOPOIETIC
RECONSTITUTIONAFTER AUTOLOGOUS TRANSPLANTATION FOR CHRONIC
MYELOGENOUS LEUKEMIA/DR. DUNBAR:

Review-Dr. Geiduschek

Dr. Murray called on Dr. Geiduschek to present his review. Dr. Geiduschek presented

an overview of the three protocols submitted by Dr. Cynthia Dunbar of the NIH,
Bethesda, Maryland. Dr. Geiduschek stated that this study is a combination of three
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gene marking protocols involving a total of 48 patients who will be treated either at the

NIH or at the University of Virginia School of Medicine.

Dr. Geiduschek stated that retrovirus mediated gene transfer will be used to transfer the

neomycin resistance gene into the patient's bone marrow and peripheral blood derived

stem cells. These marked cells will be reintroduced by autologous bone marrow
transplantation or peripheral blood stem cell reimplantation. The fate of these

genetically marked cells will be monitored. The investigators will look for the following:

(1) short-term versus long-term persistence of the marker gene in the reconstituted

hematopoietic system, (2) the relative contribution of the marked bone marrow and

peripheral blood stem cells to short-term versus long-term reconstitution, (3) the

recurrence of tumor bearing marker genes, (4) the effect of variable chemotherapy and

peripheral stem cell mobilization regimens on gene transfer efficiency, and (5) the effect

of different chemotherapy and radiation regimens on sustained persistence of the

genetically marked cells in the bone marrow and systemic circulation.

Dr. Geiduschek noted that the three clinical protocols differ in regard to the regimens

prior to collection of the bone marrow and peripheral blood cells as well as the

chemotherapy and radiation regimens required following cell collection and prior to their

reintroduction. Bone marrow and peripheral blood cells will be enriched for the

CD34( + ) subpopulation of cells. This enriched population of cells will be transduced

with one of two retroviruses in the presence of growth factors and under optimal

conditions for hematopoietic reconstitution. The transduction efficiency varies widely

between tissues.

Dr. Geiduschek stated that the data obtained with the rhesus monkey model is limited

and requires further analysis.

Dr. Geiduschek said that if long-term marking is not demonstrated in 6 out of the first

10 patients receiving transduced cells, then the investigators will petition the RAC for a

minor modification of the transduction conditions based on in vitro data. He asked Dr.

Dunbar to expand on this point. There is no assurance that all cell types are equally

susceptible to marking. Therefore, while positive detection of the marker gene identifies

the source cell, the absence of the marker gene is uninformative. This marking problem

is multiplied by the bone marrow marking procedures. Specifically, only a portion of the

CD34( + ) selected bone marrow cells will be transduced. These transduced cells will

then be mixed with a major portion of the unselected, untransduced marrow.

Approximately 70% of the transplanted cells have not been fractionated.

Dr. Geiduschek noted that the two proposed retroviral vectors, LNL6 and GINa, have

previously been approved by the RAC. Consequently, there are no new safety concerns

with regard to these vectors. Most of his previous concerns regarding possible retroviral
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rescue have been answered with Dr. Deisseroth's presentation.

Dr. Geiduschek asked Dr. Dunbar to distinguish the three clinical protocols included as

part of the submission from the gene marking protocol. Dr. Geiduschek stated that

there is significant risk to the patient in these protocols relating to the rigorous

chemotherapy/radiation regimen that they must undergo in preparation for the bone

marrow grafts. He noted that there is also additional pain and suffering to the patients

enrolled in this protocol attributable to the drug and radiotherapy treatments that they

must undergo. If there is increased suffering attributable to the gene marking portion of

the protocol, than the RAC should consider this issue.

Dr. Geiduschek stated that he is inclined to approve the breast cancer protocol at this

time but not the CML or myeloma protocols without further discussion.

Review--Dr. Dronamraju

Dr. Murray called on Dr. Dronamraju to present his review of the protocols. Dr.

Dronamraju stated that he was in general agreement with Dr. Geiduschek's comments,

and suggested that the informed consent document be revised using nontechnical

language.

Dr. Dronamraju stated that Dr. Dunbar had responded to his previous questions and

comments in a timely manner. Dr. Dunbar was asked to expand on the primate animal

data that is now available since the rationale behind this proposal is derived from a

murine model.

Dr. Dronamraju asked for clarification regarding the ratio of transduced cells that were

administered in the murine model. How will this ratio translate to the human
experiments? What will be the age distribution for the patient population? What is the

life expectancy of these patients?

With regard to life expectancy, Dr. Dronamraju stated that if the expected survival of

these patients is only a few months, the RAC should receive a report from the

investigators more often than once a year. He asked Dr. Dunbar if the goals of the

protocol are achieved, how will she proceed next.

Review-Mr. Barton

Mr. Barton stated that the majority of the concerns that he had regarding the protocol

were accurately addressed previously by Dr. Dunbar. There still is a concern that the

number of transduced cells being returned to the patients will be so small that there is

only a remote probability that the marker gene will be detected. A negative result will
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convey no useful information.

Review-Dr. Secundy

Dr. Secundy said that most of her comments were regarding the informed consent

document. She said that she would submit the minor changes to Dr. Dunbar. It is

important for investigators to remember that the simplification of the document does not

dilute the product. It is crucial that the investigators pay particular attention to

simplifying and clarifying the language in these documents. It may not be entirely clear

to the patient what is new about a particular protocol when he/she may have already

enrolled in the therapeutic protocol. The only difference between these protocols and

the therapeutic studies is the gene marking aspect.

Other Comments

Expanding on Dr. Secundy's comments, Dr. Parkman initiated a discussion regarding

RAC review of the gene marking aspects as opposed to the therapeutic portions of the

protocols. The therapeutic protocols are free standing entities. Patients may enter these

studies without being obliged to enter the gene transfer protocols. Therefore, the

therapeutic protocols should not fall within the purview of the RAC. Conversely, if a

therapeutic protocols exists exclusively as a part of gene therapy study, than the therapy

components of the protocols are subject to discussion by the RAC.

Mr. Capron agreed that review of the therapeutic portion is probably unnecessary by the

RAC as long as the experimental protocol is designed to test a method of treatment, it is

approved by the local IRB, and is acceptable without the genetic transfer component.

Dr. Parkman stated that the RAC should review the entire protocol only when
therapeutic toxicities are possible as a result of the gene transfer procedures. Dr.

Dunbar's protocols are therapeutic trials that exist as a reasonable standard of care at

many institutions. The RAC should focus on the incremental element that deals with the

introduction of foreign genetic material. What is the incremental risk associated with

CD34( + ) enrichment when there exists a baseline of unpurged cells? Are there

risks/benefits associated with these manipulations? The RAC should focus on these

issues.

Committee Motion

Dr. Parkman made a motion that when gene transfer/therapy protocols are functionally

an addendum to a pre-existing clinical protocol, the RAC will address only the gene

transfer/therapy aspects of the protocol and not the original therapeutic protocol. The

motion was seconded by Dr. Walters.
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Mr. Capron opposed the motion stating that the RAC should not force investigators to

present their gene therapy protocols as addendums to previously approved clinical

protocols. He proposed a substitute motion that the RAC should not evaluate the

underlying experiment. This substitute motion differs from Dr. Parkman's motion in that

the investigators can submit the protocol as a whole or as an addendum to a pre-existing

therapeutic protocol.

Dr. Walters suggested that this difference could be clarified by distinguishing between

gene therapy experiments versus gene marking addendums. Dr. Parkman agreed with

Dr. Walters that the discussion should be limited to gene marking experiments. In fact,

the RAC may define specific marker genes that have exhibited no intrinsic risks to

patients. New genes being proposed could be used for marking that may have

deleterious consequences and would have to be evaluated by the RAC.

Dr. Geiduschek stated that it is still appropriate for a particular subset of gene marking

protocols and gene therapy protocols to be reviewed and scrutinized by the RAC for the

quality of the outcome in relationship to the risks associated with the procedure. IRB
approval is not enough to exempt a protocol from review by the RAC. There will come
a time in the future when there will be a shift from this point of view; however, it is still

too early in the history of gene transfer to consider relinquishing these responsibilities.

Dr. Haselkorn stated that this motion would establish a very dangerous precedent. The
exclusion of any collection of data when considering a proposal is a mistake. Dr.

Dronamraju was in agreement with Dr. Geiduschek stating that this separation is very

artificial. Dr. Krogstad said that he was sympathetic to Dr. Parkman's comments;

however, he is concerned about initiating very strict guidelines about protocol review.

Ms. Meyers stated that patients are subjected to a high level of risk associated with some
of the therapeutic procedures performed in these protocols, e.g., bone marrow
transplantation. The RAC should step back and evaluate the precedent that has been

established for approving duplicate protocols. How long does the RAC have to wait

before safety information of the gene transfer procedures is obtained? There are

increased numbers of patients are being exposed to risks associated with gene transfer.

The danger is not in somebody dying; the risk is associated with the effects of gene

transfer should the patient survive for a long period of time.

Dr. Murray noted that another complicating issue is that some of the approved protocols

are not put into clinical use for an extended period of time. If the RAC does not allow

duplicate approvals, they are establishing a prioritizing system. Dr. Parkman agreed that

the RAC is not in the business of establishing franchises on gene transfer experiments.

Well designed approved protocols motivate other investigators to resolve unanswered

questions.
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Dr. Parkman stated that in order for the RAC to review the broad therapeutic aspects of

a protocol, it needs the proper expertise. The RAC should only judge the subject matter

for which it was constituted to review. The RAC should only receive copies of

therapeutic protocols, not formally review these portions. The RAC should receive

copies of the IRB reports.

Mr. Barton moved to table Dr. Parkman's motion. The motion was seconded by Dr.

Geiduschek. The motion to table was passed by a vote of 14 in favor, 5 opposed, and no

abstentions.

Other Comments

Dr. D. Miller asked what animal model supports the use of this gene transfer technique

in humans? There is extensive data from murine models by cocultivation of packaging

cells with bone marrow cells for prolonged periods; the results in large animals have

been dismal. Dr. Dunbar needs to expand on the primate data; specifically, to address

cocultivation techniques versus supernatant infection. Supernatant infection techniques

have not been successful in murine models. Dr. D. Miller asked about the persistence of

stem cells in culture since they are missing the adhesion factors. The RAC should

approve protocols only with valid animal support demonstrating that genes can

successfully be transduced into CD34( + ) cells.

Presentation~Dr. Dunbar

Dr. Murray called on Dr. Dunbar to respond to the questions presented by the primary

and secondary reviewers as well as the other committee members. Dr. Dunbar stated

that the initial work in the primate system was tainted by the fact that there was helper

virus contamination making interpretation of long-term reconstitution with marked cells

difficult. Recent data exists that demonstrates a detectable level of gene marking can be

achieved in a fraction of circulating cells in the bone marrow of monkeys that were

transplanted with a helper free, clinically relevant system.

In response to Dr. D. Miller's concerns about maintaining the reconstituting stem cells in

culture under the defined growth factor conditions, Dr. Dunbar stated that these

conditions are based on the murine system. Dr. Dunbar said that reconstituting stem

cells have been successfully maintained and expanded using a combination of IL-3, IL-6,

and recombinant human stem cell factor (SCF), noting that SCF appears to be the most

critical component. There is ongoing research that indicates that human and primate

progenitor cells can be expanded ex vivo using this system. In the animals that exhibited

helper virus contamination, no delay in engraftment was observed; and there was no

evidence that stem cells were damaged by the transduction and culturing procedures.
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Dr. Dunbar presented an update on the rhesus primate data. The experiments

performed over the last six months were performed with helper virus free retroviral

vectors. One of these vectors contains the murine adenosine deaminase (ADA) gene

and the other contains the human multi-drug resistance (MDR) gene. Both of these

vectors have titers between 10s and 10
6

. These vectors have been helper virus free when
used with IL-3, IL-6, and SCF supernatant infection daily, following 3-4 days in culture.

The mortality rate in primates is approximately 50%, due to the lack of cooperation of

the animals and inadequate critical care services; patient mortality should be less than

5%.

Dr. Dunbar explained that four monkeys have received cells transduced with the MDR
vector. One monkey has survived 75 days with this vector. Retroviral transfer in the

peripheral blood and bone marrow of three of these monkeys has been detectible by

PCR. Data was presented from one animal that demonstrated that approximately 80%
of the circulating cells were marked at day 45. Although this persistence appears to be

stable, more time will be required, as well as sorting these cells into T cell, B cell, and

myeloid fractions. When cells are grown in methylcellulose, approximately 8-10% of the

circulating cells are marked.

Dr. D. Miller asked what dose of radiation these monkeys received? Dr. Dunbar
responded that the animals received 1200 rads in two fractions. This response is in

contrast to the 1000 rads used previously.

Dr. D. Miller asked about the manner in which the marrow was prepared prior to

harvest. Dr. Dunbar answered that the marrow is CD34( + ) selected. The monkeys
were stimulated with 5-fluorouracil (5-FU) prior to marrow harvest. Melanoma patients

will receive granulocyte colony stimulating factor (GCSF) and cyclophosphamide, and the

CML patients will receive cytosine arabinoside and daunorubicin.

Dr. Dunbar described the rhesus transplantation protocol. Autologous blood is collected

and stored. 5-FU is administered on day minus 9 at a dose of 70 milligrams per

kilogram. The bone marrow is harvested on day minus 4. These cells are CD34( +

)

selected and irradiated with two doses of 600 rads. These irradiated, selected, bone

marrow cells are cultured and reinfused on day 0. GCSF is administered on day 1.

Dr. Dunbar described experiments using the murine ADA retroviral vector. Data was

presented that showed a monkey that was PCR( + ) for the murine ADA gene at days 34

and 48. Murine ADA expression was also observed in the peripheral blood mononuclear

cells of this monkey. Five of the eight monkeys that received the helper contaminated

retroviral producer line were positive for the neomycin resistance gene. PCR analysis

demonstrated that expression of this gene was stable and persisted for a long period of

time. Long-term stem cell gene transfer was probably established in this system.
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In response to Mr. Barton and Dr. Dronamraju's concerns regarding the ability to detect

a marked stem cell after transplantation, Dr. Dunbar responded that the rhesus monkey
data indicates that if 0.3% of the transplanted stem cells are contributing to relapse,

marked cells would be detectable by PCR. Based on pre-clinical data, the investigators

estimate that 100 transduced cells will be administered to the patient. This number is

approximately one-third of the total stem cells given back in the bone marrow or

peripheral blood transplants. If hematopoiesis is polyclonal after bone marrow
transplant and if 1% of these returned cells are contributing to hematopoiesis at any

given time, than this level should be detectable by PCR. The patients will be followed

over prolonged periods, and they will be monitored for evidence of cycling or changes

that are contributing to hematopoiesis.

Dr. Dronamraju asked if there were any data corresponding to this response in the

primate setting. Dr. Dunbar answered that there are monkeys that have received cells

transduced with clinical grade vectors that have between 1 and 10% PCR positive

mononuclear cells. These animals are not far enough out to be certain that stem cell

gene transfer has occurred. Expression must be stable for between six months and one

year in the primate model to ensure stem cell transfer.

Dr. Dunbar addressed the issue of life expectancy. The median survival for patients with

myeloma is between 24 and 36 months. Since these patients have already received

standard therapy, their disease is at an aggressive stage. Without further treatment, the

life expectancy of these patients is between 6 and 18 months. The average life

expectancy for patients with CML and breast cancer is also approximately 18 months.

In response to Dr. Dronamraju's request for increased reporting, Dr. Dunbar said she

would comply with the reporting schedule determined by the RAC; however, the RAC
only requires annual reporting. Maybe the reporting requirements should be decided

internally.

Dr. Dunbar stated that she would revise the informed consent document to include

simplified language; however, it would be preferable to have only one document versus

two.

Dr. Dunbar discussed future plans based on the outcome of these protocols. The
purging regimen is an open question. The information that will be obtained regarding

hematopoietic stem cell marking will be extremely important in the design of future

protocols for CML, myeloma, and breast cancer as well as diseases involving genetic

defects of hematopoietic stem cells such as sickle cell anemia, hemoglobinopathies, and

Gaucher's disease.

In conclusion, Dr. Dunbar stated that there is really nothing remarkable about the

[
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clinical aspects of any of these three protocols. For all of these diseases, autologous

bone marrow transplantation is state-of-the-art aggressive treatment. These patients

have incurable disease and are not eligible to receive an allogeneic transplant. Patients

eligible for treatment at the NIH will be treated at no cost.

Dr. D. Miller asked Dr. Dunbar to discuss the protocol outlines for the three different

diseases as detailed in Appendix A of the protocol. Dr. Dunbar explained that there are

three protocols: breast cancer, CML, and multiple myeloma. All of the patients have

proven chemotherapy responsive. The multiple myeloma and CML protocols involve

both bone marrow and peripheral blood, whereas, the breast cancer protocol involves

only bone marrow. In the multiple myeloma protocol, patients will receive an

intermediate dose of Cytoxan and will receive the hematopoietic growth factor, GCSF.
When the patient's white count reaches 1,000, peripheral blood stem cell apheresis will

be performed.

In the CML protocol, patients will be treated with very high doses of cytosine

arabinoside and daunorubicin to induce a competitive advantage for normal, non-BCR-
abl bearing non-Philadelphia chromosome positive cells. It has been shown that even

after high dose chemotherapy, patients who are 100% Philadelphia chromosome positive

exhibit a high percentage of normal cells in their bone marrow and peripheral blood.

Also, these patients will receive GCSF. These procedures are for peripheral blood

collection only, not autologous bone marrow collection. The monkey data was generated

using autologous bone marrow transplant procedures because the technical difficulties

relating to monkey apheresis have not been resolved to date; therefore, peripheral blood

collection has not been used in gene marking experiments of animals as extensively as

bone marrow.

Dr. Dunbar explained that following recovery from the peripheral blood reimplantation,

the patients will be treated with 5-FU. Ten days later the patients undergo standard

bone marrow harvest. Dr. Post asked if 5-FU is a standard part of autologous bone
marrow transplantation. Dr. Dunbar replied that 5-FU has been used in one study that

was performed at the University of Virginia on 23 patients with breast cancer or

lymphoma. Patients who received 5-FU prior to harvest exhibited a more rapid platelet

recovery than those patients that did not receive this treatment. No adverse treatments

were observed as a result of the administration of 5-FU.

Dr. D. Miller asked when the 10 day 5-FU will be administered? Dr. Dunbar responded

that 5-FU treatment will begin as soon as the patient's blood counts have recovered

following apheresis. It is important not to wait too long for another treatment because

the patient might relapse between the different phases of the protocol.

In the breast cancer protocol, 5-FU treatment has not been included. These patients will
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receive three standard chemotherapy cycles, and their harvest will be performed soon

after the last cycle.

Dr. Dunbar responded to Dr. Geiduschek's questions regarding the possibility of

observing variable outcomes with these three protocols resulting from the different

procedures in each protocol. Obviously, this study is not controlled; these are different

diseases. If every myeloma patient has a high level of marking and the breast cancer

patients do not, 5-FU will be suspect as an important conditioning regimen.

Following bone marrow harvest, 30% of the marrow will be CD34( + ) enriched and

marked by either the LNL6 or GINa vectors. Enough peripheral blood and bone
marrow will be obtained so that there will be a back up supply should there be

contamination or failure to engraft. These protocols vary from the one proposed by Dr.

Deisseroth in that he will be performing CD34( + ) selection of the entire fraction. Dr.

Dunbar explained that she will be selecting only 30% of the cells.

Dr. D. Miller asked if the investigators have observed long-term reconstitution using

peripheral blood stem cells? Dr. Dunbar responded that they are not proposing

peripheral blood reconstitution alone in these patients; however, these experiments have

been performed successfully in patients using mobilized cells.

Dr. Parkman asked if the addition of IL-3, IL-6, and SCF to autologous stroma would

improve the procedure? Dr. Dunbar stated that Dr. Deisseroth has more expertise using

these growth factors in addition to autologous stroma. The results were relatively

equivalent with or without autologous stroma; therefore, autologous stroma was not used

for these studies. There are plans to develop stromal lines that will provide better

results than regular autologous stroma.

Dr. Walters asked Dr. Dunbar to explain why she intends on keeping the consent forms

separate for the therapeutic and gene marking protocols. Dr. Dunbar explained that the

separation of forms allows the patient to agree to the autologous transplant without

agreeing to the genetic marking procedure. Dr. Walters said it was his understanding

that Dr. Dunbar did not want the consent forms divided. Dr. Dunbar apologized and

said that she misunderstood what the separation entailed. Dr. Dunbar said that she did

not want a consent form written in technical language versus a form written in simplified

language.

Dr. D. Miller asked if CELLPRO® has agreed to supply the CD34( + ) selection columns?

Dr. Dunbar stated that CELLPRO® will be providing the selection columns, and that

they have already performed numerous selections with cells obtained from normal

volunteers.
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Dr. D. Miller asked if these columns have been approved for use by the FDA? Dr.

Dunbar responded that the columns have been approved for use in Phase I and Phase II

clinical trials. Dr. Miller asked if the IND extended to this trial as well? Dr. Dunbar
confirmed that these columns are approved for use in these protocols and stated that the

current Phase I and Phase II trials have been very encouraging in terms of safety issues.

Dr. Geiduschek asked Dr. Dunbar to address the rationalization of reconstituting

patients with CD34( + ) selected cells in combination with unfractionated bone marrow
cells and to explain the benefits that gene marking provide to the bone marrow
transplantation protocol. Dr. Dunbar answered that the reason for CD34(+) selecting

only 30% of the total bone marrow cell population is that they will not be using the back

up marrow for additional therapeutic or experimental procedures. The remaining 70%
of unfractionated marrow will be returned to the patient according to standard

transplantation procedure.

Presentation-Dr. Stewart

Dr. Dunbar introduced her collaborator Dr. Stewart of the University of Virginia to

provide background information regarding CML autologous transplants. Dr. Stewart

described autologous bone marrow transplant studies in which CML patients were

divided into two groups: chronic and second chronic phase versus accelerated or blast

phase CML. First chronic phase patients received previous interferon therapy or were
given interferon if their disease presented de novo. Interferon was administered to

maximize the cytogenetic response.

Patients who were in complete hematologic and cytogenetic remission had less than 5%
Philadelphia chromosome positive cells. If these patients elected to have their bone
marrow harvested, they would not be eligible to participate in the remainder of the

protocol unless their disease progressed. Patients who were not in complete hematologic

or cytogenetic remission are more at risk of relapse; therefore, this group of patients

received aggressive cytoreductive therapy prior to bone marrow or peripheral blood

harvesting, in an attempt to decrease the number of Philadelphia chromosome positive

cells.

Patients at high risk of relapse proceed immediately to cytoreductive therapy with

cyclophosphamide and total body radiation followed by combined peripheral blood stem
cell and autologous marrow transplant. Interferon was administered following cell

transplant.

This intensive therapy regimen resulted in transient Philadelphia chromosome negative

cells in 53% of chronic and accelerated phase patients. Dr. Deisseroth's experiments

have demonstrated that high dose cytosine arabinoside and daunorubicin in combination
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with GMCSF resulted in a 29% complete remission rate in advanced phase CML
patients. Side effects have been observed as a result of this aggressive chemotherapy

regimen, i.e., fluid retention, pleural effusions, pericarditis, and hypotension. For this

reason, the investigators have chosen to reduce the cytarabine dose by 25% and use

GCSF instead of GMCSF. Ten out of 54 patients were successfully converted to

Philadelphia chromosome negative status.

Dr. Stewart stated that all of these approaches justify the cytoreduction of CML patients

prior to autologous bone marrow transplant in order to achieve Philadelphia

chromosome negative metaphases. In vivo purging with gamma interferon has been a

successful method of achieving Philadelphia chromosome negative metaphases in a small

percentage of CML patients.

Dr. Stewart presented data demonstrating that autologous bone marrow transplant is

another modality that can induce Philadelphia chromosome negativity apart from pre-

transplant chemotherapy, and that perhaps the addition of these two sequences is an

appropriate approach to the treatment of CML.

Dr. Geiduschek asked what the average life expectancy is for patients with chronic phase

CML? Dr. Stewart answered that the average life expectancy is approximately 4-5 years.

Other Comments

Dr. Krogstad asked Dr. Dunbar to review the life expectancies for the patients

undergoing these three studies? Dr. Dunbar replied that the life expectancy for

myeloma with standard therapy is 24-36 months from diagnosis. Since the myeloma
patients eligible for this protocol have already received standard chemotherapy, their life

expectancy is less than 24 months. Breast cancer patients have an expected survival of

12-18 months from presentation with metastatic breast cancer. The average life

expectancy of patients with CML is 4-5 years; however, CML patients would not be

eligible for this protocol unless they have been treated with interferon for at least one

year and not responded.

Mr. Capron asked Dr. Dunbar to expand on Dr. Geiduschek's question regarding the

statistical upper limit of contamination that is detectible and how this relates to level of

contamination observed in the rhesus monkey experiments.

Dr. Dunbar stated that the upper limit of contamination is 15 particles per liter. The

rhesus monkeys preparation contained between 10
4 and 10

6
helper virus particles per

milliliter. There is a five log difference between the vector titer and helper virus titer.

In regard to increasing the sensitivity of helper virus assays, Dr. Dunbar responded that

this issue is generic for every vector; NIH 3T3 and HeLa cell amplifications and S+Lr
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assays offer the most sensitive measures of helper virus. Reverse transcriptase is not a

very sensitive or useful assay.

Dr. Dunbar explained that the most sensitive procedure for the detection of helper virus

is to culture the producer lines for extended periods of time. Since helper virus is

amplified quickly, high titers of contaminating virus will be detectable in culture.

Mr. Capron asked if helper virus amplification occurred in vivo
,
would the only sensitive

method of detection be if the animal or patient got sick? Dr. Dunbar explained that if

amplification has not occurred in vitro
,
then there is no virus present during transduction.

Mr. Capron inquired if there is no replication competent virus present during the

transduction process than how is the 15 particle number derived? Dr. Dunbar said that

no helper virus contamination was detected. However, based on statistical analysis of

the number of milliliters tested and the sensitivity of the assay, it is not possible to say

that there are less than 15 contaminating particles per liter. The producer cells are

maintained in culture in order to detect amplified levels of contaminating helper virus

particles and no helper virus has been detected. Therefore, the confidence level is

probably much higher than 95%. Dr. Wivel suggested that if producer cells were
coincubated with NIH 3T3 cells rather than supernatant, the sensitivity may be increased

because of the fact that retroviruses are cell associated.

Mr. Capron stated that if the absence of helper virus is an important criterion for

approval of these protocols, then perhaps the FDA and the RAC should develop a

standard regarding the acceptable level of confidence for helper virus contamination in

these retroviral vector supernatants.

Dr. D. Miller stated that 15 particles per liter is a reasonable standard. This standard is

de facto anyway because the confidence level can be increased by growing the cells

longer than is required to make clinical supernatant. Mr. Capron inquired as to what

would be an acceptable time period for growing the producer cells? Dr. D. Miller

responded that three weeks is probably an acceptable time frame; however, these

standards would be more appropriately addressed by GTI.

Dr. Dronamraju referenced a statement by the investigators that the transduction

efficiency in myeloma and breast cancer cells has not been addressed because of

difficulties encountered growing these cells in culture. Dr. Dunbar needs to expand on
this statement. Dr. Dunbar responded that primary myeloma and breast cancer cells

cannot be grown in culture long enough to determine transduction efficiency. Dr.

Dunbar stated that she did not know if an interpretation can be drawn between
transduction efficiencies in tumor cell lines versus primary tumor cells.

Committee Motion
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Dr. Geiduschek made a motion to approve the breast cancer protocol. The motion was
seconded by Dr. Haselkom. The motion to approve the breast cancer protocol passed

by a vote of 19 in favor, 0 opposed, and no abstentions.

Dr. Geiduschek made a motion to approve the multiple myeloma protocol. The motion
was seconded by Dr. Haselkom. The motion to approve the multiple myeloma protocol

passed by a vote of 19 in favor, 0 opposed, and no abstentions.

Dr. Geiduschek made a motion to approve the CML protocol. The motion was
seconded by Dr. Haselkom. The motion to approve the CML protocol passed by a vote

of 19 in favor, 0 opposed, and no abstentions.

XII. PROPOSED ADDITION TO THE POINTS TO CONSIDER IN THE DESIGNAND
SUBMISSION OF PROTOCOLS FOR THE TRANSFER OF RECOMBINANT DNA
INTO THE GENOME OF HUMAN SUBJECTS REGARDING SUBMISSION
REQUIREMENTS FOR HUMAN GENE TRANSFER/THERAPY PROTOCOLS:

Dr. Murray called on Dr. Krogstad to present the next agenda item. Dr. Krogstad

distributed a draft outline to the committee members regarding submission requirements

for investigators requesting RAC review of human gene transfer/therapy protocols. The
proposed outline entitled Strategies for Focusing Discussion at the RAC, provided a format

for investigators to provide critical information. The proposed format begins with the

investigator submitted material, including the scientific and lay abstracts. This section

would be followed by the Points to Consider and curricula vitae (CVs). The CVs would

be submitted using a biographical sketch format (2 pages maximum).

Dr. Krogstad stated that there have been numerous complaints among the committee

members regarding the timeframe for submission of comments. The investigators should

be required to submit written material to ORDA 6 weeks prior to the meeting date and

that reviewers comments are due back to ORDA 2 weeks prior to the meeting.

Dr. Kelley suggested making a substitution of the word must for the word should.

Mr. Capron suggested that the timeframe for submission of written material should be

changed to 8 weeks before the meeting and requiring that the reviewers comments are

submitted 4 weeks prior to the meeting. This timeframe will allow sufficient time for the

investigators to respond to the reviewers comments.

Dr. Walters stated that if investigators submitted their protocol 10 weeks in advance,

perhaps they could be afforded the opportunity of receiving 2 rounds of questions and

comments by the reviewers. The additional review would provide and incentive for early

submission.
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Dr. Anderson agreed with Mr. Capron's proposal that there be a mandatory deadline for

the submission of protocols 8 weeks prior to the RAC meeting.

Dr. Krogstad's submission proposal suggested that the RAC enforce a 20 page limitation

for protocols, excluding tables, figures, and manuscripts. Dr. Post suggested that 20

pages may be too strict of a requirement for investigators. Dr. Post suggested that the

word Appendices be included in the list of additional material permitted as part of the

original submission.

Dr. Kelley agreed with Mr. Capron's schedule and suggested that no correspondence be

accepted during the 2 week time period immediately preceding the RAC meeting. He
acknowledged the importance of implementing the 20 page limitation on protocol

submissions. Dr. W. French Anderson added that a 20 page limitation would be an

acceptable criterion for investigators to follow provided that the page limitation does not

include appendices, figures, and tables. Discussion ensued regarding the timeframe that

investigators will assigned for their oral presentations.

Dr. D. Miller suggested that a section should be included in the submissions

requirements document formalizing vector requirements, i.e., a description of the

elements, the sources it is derived form, and the method of sequence compilation. In

addition, there should be a requirement that 3 disks containing the vector sequence, in

ASCII format, should be forwarded to ORDA in order to screen for open reading

frames, etc.

Dr. Geiduschek suggested that an overview should be included as part of the submission

requirements. Dr. Parkman stated that if the 2 week response deadline is enforced, than

all of the reviewer's questions and investigator's responses will be included as part of the

meeting materials. Since all of the RAC members will have had the opportunity to

review these materials, than a 10 minute overview would be a capitulation of the same
information.

Dr. Schaechter reminded the RAC members that Dr. Krogstad's document is a guideline

for submissions requirements and is not intended as a set of rules and regulations. The
amount of time investigators require to present their proposals will vary. The RAC
cannot dictate the time that will be required for investigators to adequately present the

scientific overview.

Dr. Kelley requested a change regarding the reviewers recommendation of the protocol.

The guidelines suggest that the primary reviewer will indicate that a protocol is

acceptable, acceptable with specific revisions, or unacceptable. Another category needs

to be added: (1) to be determined
,
or (2) revise the acceptable with specific revisions

category to acceptable depending on the outcome of the discussion by the RAC. He also
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noted hesitation of prohibiting any responses following the 2 week deadline. Dr.

Anderson disagreed with strict enforcement of the 2 week deadline noting that this

requirement may prevent the submission of critical information or data that should be
reviewed by all of the RAC prior to the meeting. Dr. Geiduschek was in favor of

enforcing the 2 week deadline.

Committee Motion

Dr. Krogstad reviewed the suggested changes made by the RAC members to the

proposed guidelines:

GUIDELINES FOR PROTOCOL REVIEW

Investigator-Submitted Material

Written proposals should begin with the lay and scientific abstracts, followed by

the Points to Consider and the material provided in the body of an R01 (sections

A-D). When a proposal has been submitted previously, there should be a short

section 200 words) immediately following the abstracts that summarizes major

revisions since the last review. Length limitations are 4-5 pages for the Points to

Consider
, 2 pages each for curricula vitae (Biographical sketch format) and 20

pages for the body of the proposal (excluding tables, figures, appendices and

manuscripts). Data provided must include a description of the elements in the

vector, the source of that information and the method by which sequence data

were compiled, plus 3 diskettes with the vector sequence in ASCII format.

Written material from Principal Investigators must be submitted * 8 weeks before

the meeting at which it will be reviewed; written comments from the primary

reviewers ^ 4 weeks before the RAC meeting, and written responses from the

Principal Investigators * 2 weeks before the meeting.

Oral presentations at RAC Meetings should provide only a brief overview of the

proposal; they should concentrate on questions raised by the reviewers before and

at the meeting. Oral presentations should be ^ 20 minutes: £ 10 minutes for the

overview and ^ 10 minutes for responses to the reviewer's questions.

Reviewer's Responses

Written reviews should emphasize issues related to gene marking, gene transfer or

gene therapy. They should state explicitly whether the Points to Consider have

been addressed satisfactorily, and should examine the scientific rationale, scientific

context (relative to other proposals reviewed by the RAC), whether the

preliminary in vitro and in vivo data are obtained in appropriate models and are
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sufficient, and whether questions related to safety, efficacy, and social and ethical

context have been resolved. Whenever possible, criticisms of Consent Forms
should include suggested revisions for the RAC to consider, provided as written

alternatives. Reviews should also state whether the proposal is: (a) acceptable as

written, (b) acceptable with specific revisions or after satisfactory responses to

specific questions raised on review, or (c) unacceptable in its present form.

During oral discussion of reviews at the RAC meeting, it should be possible to

present most reviews orally within <; 5 minutes.

Dr. Schaechter moved that the Strategies for Focusing Discussion at the RAC be approved

as an addition to the Points to Consider. The motion was seconded by Dr. D. Miller.

The motion to approve the addition of Strategies for Focusing Discussion at the RAC to

the Points to Consider passed by a vote of 18 in favor, 0 opposed, and no abstentions.

XIII. PROPOSED ADDITION TO SECTION IV-C-2 OF THE NIH GUIDELINES
REGARDING CONFLICTS OF INTEREST:

Review-Mr. Capron

Dr. Murray called on Dr. Capron to present his review of the petition submitted by Mr.

Jeremy Rifkin of the Foundation of Economic Trends, Washington, D.C. Mr. Capron
stated that the petition addresses an important issue, the public perception of the lack of

conflict of interest by the members of the RAC. Committee members are currently

required to submit a financial disclosure document to NIH that is mandated by an

Executive order dated September 25, 1986. This order carries out the requirements of

Section 107 of the Ethics in Government Act of 1978. The issues raised by the petition

are not particular to recombinant DNA but apply to all advisory bodies that are

comprised of special government employees. The petition should be forwarded to Dr.

Healy to be examined on a broader level.

Review—Mr. Barton

Mr. Barton said that the petition addresses an extremely significant issue. The NIH re-

authorization bill before Congress addresses conflict of interest in the context of NIH
grantees and not advisory committee members. The petition proposes revisions to the

Federal Advisory Committee Act. Legislation is currently proceeding, proposed by

Senator John Glenn, that would review the structure of Federal advisory committees.

The proposed legislation addresses the concerns presented in Mr. Rifkin's petition. In

addition, the Office of Government Ethics issued interim regulations in April regarding

public disclosure by advisory committee members. Therefore, since these laws are

currently subject to change, it may not be an appropriate time to present this petition.
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The thrust of these committees is advisory. Federal advisory committee members do not

make final decisions. The disclosure of information that is crucial is not the disclosure

to the public but the disclosure to the person who is being advised. This information is

available from the government. The RAC should not take a position on Mr. Rifkin's

petition at this time.

Other Comments

Dr. Kelley stated that there are other organizations that have resolved issues surrounding

conflict of interest, e.g., the Institute of Medicine of the National Academy of Sciences

(NAS) requires that committee members disclose this information to other committee

members as well as the NAS. Time is allocated at the initial committee meeting for the

members to review the listings of potential conflicts of interest and commitments. The
committee members have an opportunity to express any biases or prejudices that are

known or possible. This possible alternative mechanism for reviewing personal

disclosure information is provided by potential advisory committee members. Dr. D.

Miller noted that this alternative may present problems with the RAC because of the

public nature of the meetings. Mr. Capron suggested that Dr. Kelley communicate his

suggestions to Dr. Healy in the form of a letter because it is not within the authority of

the RAC to decide on this issue. Dr. Kelley agreed to forward a letter to Dr. Healy on

this issue.

Presentation-Mr. Kimbrell

In the absence of Mr. Rifkin, Mr. Kimbrell provided his overview of the petition.

Discussion

Dr. Murray stated that it is inappropriate to request that the RAC change rules and

regulations that are mandated at a higher level. The RAC does not devise these Federal

regulations.

Drs. Walters, Carmen, and Krogstad agreed that the RAC has performed in an

exemplary manner in the past and that any allegations of conflict of interest by Mr.

Rifkin and Mr. Kimbrell are unfounded.

Ms. Katherine Matthews added that the NJH Guidelines contains no reference to conflict

of interest within the RAC. It would be a good policy to present this issue at this time.

Dr. D. Miller stated that if RAC members are eliminated because of the appearance of

conflict of interest, the majority of RAC members with the level of scientific expertise

required to review these proposals would be disqualified. To avoid conflict of interest,

RAC members remove themselves from the review and approval process of any protocol
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in which they may be directly or indirectly involved. Mr. Capron suggested that the

discussion be closed because these issues are being addressed at another level of the

NIH and by Congress. Dr. Murray recommended that the Foundation of Economic
Trends should forward their concerns regarding public disclosure and conflict of interest

to Dr. Healy, Director of NIH.

XTV. FUTURE MEETING DATE OF THE RECOMBINANT DNA ADVISORY COMMITTEE

Dr. Murray noted that the next meeting of the RAC will be September 14-15, 1992.

XV. ADJOURNMENT

Dr. Krogstad moved that the meeting be adjourned. The motion was seconded by Mr.

Barton. The motion to adjourn the meeting passed unanimously. Dr. Murray adjourned

the meeting at 2:45 p.m. on June 2, 1992.

Executive Secretary

Date:

I hereby acknowledge that, to the best of my
knowledge, the foregoing Minutes and Attach-

ment are accurate and complete.

Recombinant DNA Advisory Committee
National Institutes of Health
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1 .0 CHECKLISTFOR PATIENT ELIGIBILITYANDNECESSARY INFORMATION

NO YES

Age less than 21 years at time of diagnosis

Histologic proof of neuroblastoma

Measurable evidence of disease

Failure on conventional treatment

Life expectancy of at least 8 weeks

Performance status (ECOG) 0-2

Recovered from toxic effects of prior chemotherapy

ANC >500/mm3
,
Platelet count >50,000/mm 3

(unless marrow replaced)

Bilirubin <1.5 mg%, SGOT <,2x normal; prothrombin time normal;

urinalysis normal

Creatinine <1.5 mg% or creatinine clearance >80 mg/min/1.73 m 2

Normal electrolytes, calcium, phosphorus, nutritional status

To check eligibility or register patient call Dr. Furman at 531-2403

or Dr. Brenner at 522-0410.

Informed consent explained to and signed by patient/guardian

Check table in Section 7.2 of this protocol to see necessary baseline

and follow-up studies

Exclusion Criteria

Patients with:

1. Rapidly progressive disease

2. Active infection

3. Need for concomitant drugs except analgesics

4. Pregnancy or lactation

5. Seropositive for HIV
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2.0

OBJECTIVES

2.1 To determine the safety of two weekly subcutaneous (SC) injections of

autologous neuroblastoma cells which have been modified by insertion of the

interleukin-2 (IL-2) gene introduced by a retroviral vector.

2.2 To determine whether MHC restricted or unrestricted anti-tumor immune
responses are induced by SC injection of modified autologous neuroblasts and

the cell dose required to produce these effects.

2.3 To obtain preliminary data on the anti-tumor effects of this treatment regimen.

3.0 BACKGROUND AND RATIONALE

Neuroblastoma is the commonest extra-cranial solid tumor of childhood affecting

about 500 children a year in the USA. When the tumor occurs in infants (under the

age of 1 year) it is frequently localized and responds well to therapy.
1 Even

disseminated disease can be eradicated in about 75% of infants, and spontaneous

remissions are seen.
2,3 In children (over the age of 1 year), the prognosis is far worse.

4

Although children with localized disease may still be cured by conventional therapy,

satisfactory therapeutic approaches are lacking for those who have disseminated

disease.
5,6 Eighty percent or more of these patients relapse within 3 years; the outlook

after relapse is grim, with almost no long-term survivors.
4,7 Over the past decade

attempts to improve the outcome of patients with advanced disease have concentrated

predominantly on increasing the intensity of induction and consolidation

chemo/radiotherapy regimens.
5 Although these efforts have increased remission rates,

there is no evidence that they have improved long-term survival for patients with

advanced disease.
8,9 Even the combination of autologous BMT with supralethal

chemotherapy has failed to produce any significant survival benefit. This failure of

conventional therapy has lead to a resurgence of interest in alternative approaches,

the most promising of which is immune modulation. 10,11

3.1 Evidence for a Role of the Immune System in Neuroblastoma Eradication

The concept of utilizing the immune system for disease eradication has a long

history in neuroblastoma research, and many aspects of tumor behavior

support this approach. First, the tumor may spontaneously remit - particularly

in infants.
2,3 Second, because the tumor is derived from embryonic

neuroectoderm, it expresses antigens not widely detected on tissues in the

"mature" child.
12

Finally, in animals and in man, neuroblastoma cells are

susceptible to cytotoxic effector mechanisms in vitro and in vivo.
13' 17
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Clinical immunotherapeutic approaches have taken many forms. Amongst the

earliest were attempts to immunize the patient with disrupted tumor mixed

with BCG as an adjuvant. These crude mixtures produced severe local

reactions but led to detectable - albeit transient - tumor response (SJCRH
protocol 1982). Other immunotherapy attempts have used monoclonal

antibodies (MAbs) directed against neuroectodermal restricted antigens such

as GD2. These MAbs are usually coupled to toxins or to radionucleotides and,

again, tumor responses are reported.
18"23

Finally, efforts have been made to

recruit T cell dependent and independent cytotoxic effector mechanisms.

These efforts have largely focused on recombinant cytokines such as IL-2

which stimulate the immune system,
24

or agents such as IFN-y, which may
render the neuroblastoma cells more immunogenic to cytotoxic T cells by

increasing their expression of Class I MHC molecules.25 "28 There is no doubt

that these approaches increase cytotoxic effector function against

neuroblastoma cell lines in vitro, although the evidence that tumor growth may
be similarly affected in vivo is more scanty.

29 '37

3.2 Improving Immune Attack

Considered altogether, the observations above argue strongly for further

exploration of immunomodulation as a means of neuroblastoma therapy.

Recent animal data suggest one novel route by which this effect can be

achieved. Transfection of tumor cell lines with cytokine genes has been shown

to substantially increase their immunogenicity. Tumor doses normally able to

produce progressive tumor growth instead act as a vaccine.
38 "44 They generate

an immune response sufficient to reject the modified cells, and the response

generated is also sufficient to reject non-transduced tumor cells administered

concomitantly or shortly thereafter. These effects appear to be far more potent

than those of low-dose intralesional cytokine injection. Because the quantity

of cytokines produced by these transduced tumor cells is so small, systemic

levels are low. Consequently, there appear to be none of the adverse effects

associated with the administration of high systemic doses of cytokines that are

otherwise needed to induce anti-tumor responses. Cytokine gene transfection

has now been shown to generate tumor immunity against several different

transplantable animal tumor lines, including the neuroblastoma derived line

C1300.28,29 Moreover, the effects are obtainable with a number of different

cytokines including IL-l-alpha, TNF, IL-2, IFN-Gamma, IL-4, and IL-7.
38 "45

3.3 Mechanisms By Which Immunity Is Enhanced

The mechanisms by which this approach enhances tumor immunity are

uncertain. Transduced cytokines may act by increasing recruitment of cytotoxic

T cells (e.g. IL4)
44

or of CD4 positive cells (e.g. TNF and IL7),
40,45

or they

j
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may increase expression of Class-I antigens (e.g. IFN-gamma),29 which in turn

increases tumor immunogenicity and renders the target cell more vulnerable

to cytotoxic attack. Alternatively, a combination of these effects may be

produced. For example, IL-2 can recruit both cytotoxic T and NK cells

directly and also induces release of the secondary cytokine IFN-gamma, which

augments MHC expression on tumor cells.
46,26

Additional, non-immune,

effector mechanisms probably also contribute, since the tumor sites may be

infiltrated with eosinophils and macrophages. Analysis of the mechanisms

directly involved in anti-tumor immunity may be easier in cytokine transduction

studies than after systemic exposure to the same agents, since the non-specific

immunologic "noise" generated by high doses of cytokines should be absent.

3.4 Application to Human Malignancy

Although these effects are intriguing, there is as yet no evidence that cytokine

transduction of tumor cells will have any relevance for treating or for

immunizing against naturally occurring human cancers. To study the possible

relevance of the approach it is necessary to transduce the patient’s own tumor

cells with a vector encoding both the cytokine gene and a selective marker so

that the small proportion of cells that have been successfully modified can be

selected and then re-injected. This selection procedure can only take place if

it is possible to regularly grow patient tumor cells ex vivo. This currently limits

the applicability of the cytokine gene transfer approach, and the only currently

approved protocols use TNF or IL2 transduced melanoma, colon or renal

cells, and TIL therapy.
47

Early reports of the first two patients receiving TNF
modified melanoma cells suggest that a delayed type hypersensitivty (DTH)-
like response occurs around injected modified tumor cells, which then regress

after 10-14 days. It is not yet known how regression of the injected cells is

mediated. It is also unknown if that particular tumor/cytokine combination is

an ideal paradigm to explore the immunological/therapeutic potential of the

approach. We propose to investigate the safety and efficacy of this

methodology in a different tumor with a different cytokine.

3.5 Neuroblastoma Gene Transfer

In June 1991, St. Jude Children’s Research Hospital was the first center

outside the NIH to receive RAC/FDA approval for human gene transfer.
48 '50

Amongst the protocols approved was the insertion of a selectable marker gene

(neomycin resistance) in the LNL6 vector into the marrow of children with

advanced neuroblastoma. This marrow is reinfused as an autologous bone

marrow transplant (ABMT). The primary aim is to determine whether

neuroblastoma cells at relapse are marked, since >70% of the children will

likely relapse after treatment on our frontline study. If neuroblasts are
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marked at relapse, then this would constitute the first definitive evidence that

marrow contamination with malignant cells contributes to relapse after ABMT.
The approach would also provide a means of assessing the efficacy of any

purging regimen chosen.
51,52

As part of the justification for this proposal, we studied the transduction

efficiency of LNL6 into neuroblastoma cells from patients. By modifying cell

culture techniques and using autologous marrow stromal cell cultures, we were

able to grow and subsequently select NEOR gene transduced neuroblastoma cell

lines from >70% of the patients. Transduction of these cells with an IL-2-

NEOr
containing construct would provide cells suitable for the proposed

investigation.

3.6 Rationale For Current Proposal

Feasibility and efficacy data from a variety of animal systems provide strong

rationale for an immunotherapeutic approach using cytokine transduction of

tumor cells (including neuroblastoma). 18 '45 However, as yet there is no

evidence that such an approach will be effective against primary tumors in

man. The value of this approach ultimately can only be assessed clinically, as

it is not possible in animal models to replicate the effects of a stimulated

human immune system on primary human tumors. We believe that further

exploration of the approach can legitimately take place in patients with

relapsed neuroblastoma for the following reasons;

1) The pre-clinical and early clinical studies described above indicate that

the immune system can contribute to control of human tumors,

including advanced neuroblastoma.

2) Neuroblastoma cell lines can be generated and transduced in most

patients, allowing systematic analysis in vitro of any anti-tumor response

generated in vivo
,
even in the absence of apparent clinical benefits in

patients with advanced disease.

3) Relapsed/resistant disease is essentially incurable by conventional

approaches.

3.7 Rationale For Choosing IL-2 as Cytokine For Transduction

We have chosen IL-2 primarily because of evidence that it has in vivo and in

vitro immunomodulatory effects that would benefit neuroblastoma patients and

because animal model data suggest it augments tumor immunogenicity across

a broad tumor range which includes the murine C1300 neuroblastoma

[750] Recombinant DNA Research, Volume 15



line.
28

’
38

’
53 ’15'17

’24,31,34,35 Thus, neuroblastoma cells are sensitive to autologous

IL-2 induced activated killer cells in vitro, and our own data show that killing

can be induced even when effector cells are obtained soon after ABMT. The
process is mediated independently of MHC recognition or of CD3 receptor

involvement, since MAb to these structures do not affect the cytotoxic

response. Secondly, Phase I studies of IL-2 or IL-2-induced TIL cells have

been undertaken in children with advanced neuroblastoma, including patients

relapsing after ABMT. One complete and four partial remissions were

observed in 29 patients studied. Finally, IL-2 induces gamma interferon

release from CD16+/- cells in vitro and in vivo.
46

This secondary production

of IFN-gamma may subsequently upregulate Class I HLA expression on

neuroblasts, increase immunogenicity and thereby further augment the effects

of IL-2.
26

4.0

TRANSDUCTION OF NEUROBLASTOMA CELLS

Tumor cells from all patients with Stage C and D disease will be established

as cell lines at the time of presentation. Neuroblastoma cell lines are grown

out as described in Appendix A and are transduced with the GlNCVi2.23

vector, a modified retrovirus closely related to the LNL6 backbone used in the

previous St. Jude gene marking protocols, NEBREL and NEBREM. This

vector contains the same neomycin resistance gene, but in addition the

multicloning site now contains sequences encoding the human interleukin-2

gene and a CMV promotor.

LNL6 has been extensively studied in rodent models and in non-human-

primates and was approved for use in man in 1989. The results of the first in

vivo human study on transduced cells have been reported, and our own safety

data using marrow cells as the vector target are being prepared for publication.

The safety data for LNL-6 and for the vector to be used in the current study

are contained within the Drug Master Files # BB-MF-3886 and BB-MF-4195

which were used for granting our institutional IND’s 3838 (LNL6) and 4272

(GIN). A new IND will be requested for the IL-2 modified GIN vector, and

the current proposal will cross reference these data. The major safety concerns

and their resolution have been dealt with at length in previous protocols.
48 '50

5.0

PATIENT ELIGIBILITY (See Section 1.0)

5.1

All patients under 21 years of age at diagnosis with neuroblastoma

unresponsive to conventional therapy shall be eligible for this protocol
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provided they have been failures on conventional modes of treatment for their

disease.

5.2 Patients must have a life expectancy of at least 8 weeks.

5.3 Patients or legal guardians must sign an informed consent indicating that they

are aware this is a research study and have been told of its possible benefits

and toxic side effects. Patients or their guardians will be given a copy of the

consent form.

5.4 Patients must have recovered from the toxic effects of all prior chemotherapy

before entering this study, and have an absolute neutrophil count of >500/mm3

and platelet count >50,000/mm3
(unless bone marrow is replaced by tumor).

5.5 Patients must not be infected at time of protocol entry, and should not be

receiving antibiotics (other than prophylactic Septra).

5.6 Patients must not be HIV-positive.

5.7 Patients must have adequate liver function (bilirubin <1.5 mg%, normal

prothrombin time).

5.8 Patients must have adequate renal function (creatinine <1.5 mg% or

creatinine clearance, >80 ml/min/1.73 m2
) and normal metabolic parameters

(serum electrolytes, blood sugar, calcium, phosphorous).

5.9 Urinalysis must be normal at time of entry to study.

5.10 Patients must have normal nutritional status (weight > 10th percentile for age,

serum albumin >3 gm/dl) and Performance Status (ECOG) of 0-2.

5.9.1 Performance Status Definition

ECOG Karnofsky

Grade Score Activitv

0 90-100 Up and about, no restriction.

1 70-90 Ambulatory, no strenuous activity.
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2

3

4

50-70 Ambulatory, capable of self-care appropriate

for age. Up and about >50% of time, but

unable to carry out any physical activities or

attend school.

30-50 Limited self-care only. Up and about <50%
of time.

<30 Disabled, no self care. Bedridden or confined

to chair.

5.11 Patients must have transduced cell line available that is demonstrably producing

> 150 pg IL-2/10
6
cells/24 hr.

6.0

TREATMENT PLAN

This study proposes to transduce a retroviral vector coupled with the human
interleukin-2 gene into cell lines of the individual patient’s tumor established at original

diagnosis of neuroblastoma. The transduced cells are frozen and at the time of relapse,

thawed and allowed to recover for 3 days in culture. Supernatants are then analyzed

for content of IL-2. Only if > 150 pg IL-2/10
6
cells/24 hr are secreted (determined by

ELISA) will these cells be used. Relapsed or refractory patients are then treated with

two injections of their gene-modified tumor cells, separated by one week as a pre-

chemotherapv "window" . The second injection will contain 10 times more cells than

the first up to a maximun of 10
8
cells/kg. After a 3-4 week rest they will be completely

re-evaluated for evidence of toxicity and response. If there is evidence of an objective

response without excessive toxicity and if more transduced cells are available, the

patient may receive 2 additional SC injections separated by 1 week, at the higher of

the two dosage levels they originally received (see Section 6.1.5). At the completion

of immunotherapy, they will be offered entry into current Phase I or II studies with

conventional agents.

6.1

Cell Administration

6.1.1 Each patient accepted for this Phase I research study will be admitted

to the dosage schedule under investigation at the time of enrollment.(see

Section 6.1.5)

6.1.2 At least 3 patients will be admitted at each dosage level.
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6.1.3 When 3 patients have successfully completed a dosage level without

evidence of dose limiting toxicity, subsequent patients may be entered

at the next dosage level.

6.1.4 Cell administration will be as follows:

Gene-modified tumor cells will be given by subcutaneous injection in

Ringers solution with 5% HSA at weekly intervals x 2 and in amounts

described in 6.1.5 in a volume of up to 1 ml.

6.1.5 Cell dosage levels to be investigated on this schedule are:

Day 1 Day 8

Level 1: 10
5 tumor cells/kg >106

cells/kg

Level 2: 10
6 tumor cells/kg >107

cells/kg

Level 3: 10
7 tumor cells/kg > 10

8
cells/kg

Level 4: 10
8 tumor cells/kg >108

cells/kg

6.2 Dosage modification (de-escalation) will be permitted for patients who develop

dose limiting toxicity if these individuals have evidence of complete, partial or

mixed response, or stable disease, and physician and patient desire to continue

with a further treatment course (se section 6.0).

6.3 Antiemetics in appropriate dosage for each patient will be prescribed as

necessary.

6.4 Patients will receive supportive care for acute or chronic toxicity, including blood

components or antibiotics, and other intervention as appropriate.

6.5 All treatments will be given at St. Jude Childrens’ Research Hospital.

7.0

PATIENT EVALUATION

7.1 A complete history and physical examination with documentation of measurable lesic

(if present) is necessary prior to admission.

f-

7.2 Other Studies, Sequence
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CBC, Differential, Platelets

Urinalysis

Pre

X

Every 6

Twice Weeks and

Weekly Weekly End of Study

X
X

BUN, creatinine, uric acid, SGOT, X X
SGPT, LDH, alkaline phosphatase, Na,

K,C1, C02,
Mg, Ca, albumin, total protein,

PT, PTT, cholesterol, glucose

BUN, Creatinine, SGOT, Alkaline Phosphatase X

Appropriate diagnostic images X X
chest/bone x-ray, bone scan, CT
or MRI)

Bone marrow aspirate X X

Peripheral Blood (20 ml)* XX X
(Immunological/retrovirological)

*10-20 ml of peripheral blood will also be obtained on alternate weeks for a

further 6 weeks, then monthly for one year, and then annually for 10 years. Assessment

of immunologic changes will be done for 1 year. Analysis for retrovirus/vector content

by PCR and reverse transcriptase assay will be done for 10 years.

7.3. Other tissues

7.3.1 Punch biopsies of injection sites will be done prior to the second

injection and 10-14 days after the second injection.

8.0 EVALUATION DURING STUDY

8.1 Follow-up Interval

Patients shall be seen at 1-week intervals at St. Jude Children’s Research

Hospital for 6 weeks, then on alternate weeks for 6 weeks then monthly for one

year. Additional visits will be obtained as clinically indicated. The studies outlined

in Section 7.2 shall be obtained weekly and prior to continuation of treatment.
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8.2 Early Termination of Study and Modifications of Drug Dosages
8.2.1

This study will be complete when the maximum injectable dose (6.1.5)

has been reached.

8.2.2. Therapy for an individual patient can be terminated if a dose limiting

toxicity has been observed.

8.2.3 If the patient/parent desires to withdraw from the study, or if the

physician feels that it is in the patient’s best interest, treatment will be

discontinued.

8.2.4 If Grade 3/4 toxicity is encountered in these studies, the Institutional

Review Board will be notified and dosage modifications made before

admission of additional patients to confirm the maximum tolerated dose.

8.2.5 If no Grade 3/4 toxicity (see Appendix A) is encountered, dosage

escalations will proceed as outlined.

8.3 With complete or partial response, or stable disease activity, delivery of therapy

will be offered for two further injections (see Section 6.0).

8.4 The criteria listed in Appendix A will be used in grading toxicity.

8.5 For consistency, toxicity for all patients will be quantitated using these criteria

at the end of the trial.

8.6 A 4 week period will constitute a course which will be evaluated for critical

toxicity, and a 6 week period will be required for evaluation for antitumor activity

and for late toxicity.

9.0 CRITERIA FOR RESPONSE AND STATISTICAL CONSIDERATIONS

9.1 As in all Phase I protocols, therapeutic intent is expected.

9.2 Since this is a Phase I study, primary consideration will be given to

determinations of the qualitative and quantitative toxicity and immunologic

efficacy. Time of onset of toxicity and extent of toxicity will be noted and

recorded in the following categories: local skin reactions (including biopsy

proven evidence of local tumor cell growth): fever nausea; vomiting; diarrhea;

anorexia; mucosal ulcerations; anemia; leukopenia; thrombocytopenia;
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abnormalities of kidney, liver, and central nervous system function. These will

be graded by the criteria listed under Section 9.3 below.

9.3 The maximum tolerated dosage will be defined as the highest dosage which does

not cause Grade 3 or 4 toxicity described below.

9.3.1 Skin Toxicitv : Any local skin reaction (exfoliative or ulcerating)

requiring medication, or reaction which progresses to ulceration.

Any evidence of growth of injected tumor cells confirmed on biopsy.

9.3.2 Hematologic Toxicitv : Neutrophils <500/mm3
,
platelets <25000/mm3

,

hemoglobin <6.5 gm/dl for greater than 5 days.

9.3.3 Renal Toxicitv : Serum creatinine >6 mg/dl which is reversible, or any

irreversible increase of serum creatinine >2 mg/dl.

9.3.4 Hepatic Toxicitv : Serum bilirubin >1.5 mg/dl, SGOT >20 x normal, or

any evidence of irreversible deterioration in liver function (hepatic

coma).

9.3.5 Cardiac Toxicitv : Any evidence of congestive heart failure or serious

arrhythmias, tachycardia or fibrillation, transient or persistent requiring

monitoring, or hypotension requiring therapy and hospitalization for

more than 48 hours or hypertension requiring therapy.

9.3.6 Gastrointestinal Toxicitv : Serous mucositis which prevents oral intake

for more than 3 days after treatment of drug administration, or diarrhea

requiring hospitalization for fluid replacement.

9.3.7 Central Nervous System Toxicitv : Any grade 3 or 4 neurotoxicity as

defined for mental status, motor system, cranial nerves, cerebellar

function or seizures.

9.3.8 Pulmonary Toxicitv : Irreversible decrease of pulmonary function of

>10% as evidenced by arterial blood gases or interstitial pulmonary

fibrosis by chest radiographs, with associated dyspnea at rest.

9.4 Stopping Rule

Three or more patients will be entered at each dosage level described in 6.1.6.

If 1 patient develops any of the above Grade 4 hematologic/non-hematologic

toxicities, an additional 3 patients will be evaluated at that dosage level. If none

of these latter 3 patients experience dose limiting toxicity, then the dosage is
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escalated for the subsequent 3 patients. If dose limiting toxicity occurs in 1 of

the 3 additional patients, the maximum tolerated dosage (MTD) has been

exceeded and 3 additional patients will be treated at the next lower dosage (if

only 3 patients were treated previously at that dosage level).

The MTD is defined as that dosage level immediately below the dosage level at

which 2 patients of a cohort (of 3-6 patients) experience dose limiting toxicity.

9.5 Patients with measurable disease will have serial measurement of such indicator

lesions which will be considered for response according to the definitions below,

at 6 weeks, and thereafter.

9.5.1 Complete Response (CR) : Total disappearance of all measureable

disease, M-l marrow status with restoration of normal hematopoiesis

and normal performance status persisting at least 4 weeks. Onset of

response will be appropriately noted and detailed, and duration noted.

9.5.2 Very Good Partial Response (VGPR1: Regression

of primary tumor (>90%), clearing of metastatic

disease except for persistent bone scan positive

lesions attained by and maintained through

induction.

9.5.3 Partial ResponsefPRl : Regression of <50% of all tumor.

9.5.4 Stable Disease : Exists when a patient fails to qualify for either complete

response, VGPR, partial response or progressive disease.

9.5.5 Progressive Disease : Worsening of disease, evidenced by enlargement

of existing tumors or apppearance of new disease.

9.6 Statistical Considerations

Since this is a Phase I study with exploratory investigation of several dosage

quantities to define one dosage schedule for future Phase II studies at a level

which is tolerable, toxicity to be evaluated will include skin, hematopoietic, renal,

hepatic, gastrointestinal, and neurotoxicity, which will be compared among

subjects at each dosage step. Qualitative and quantitative toxicities will be

recorded for comparison among patients at each dosage step, with considerations

for the time to recovery from various types of toxicity. A total of 12 patients will

be studied with a predicted accrual time of two years.
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Criteria for defining number of patients at each dosage level, maximum tolerated

dosage and dose limiting toxicity are noted in Section 10.1

10.0

OFF-STUDY CRITERIA

10.1 Any patient who develops irreversible life-threatening non-hematologic organ

system dysfunction or local tumor growth (toxicity grade 3 or 4) considered to

be primarily related to tumor injection will be removed from this protocol and

will not be eligible for subsequent treatment with gene modified tumor cells.

De-escalation will be permitted for patients who have reversible Grade 3/4

toxicity if these individuals have evidence of complete, partial or mixed response,

or stable disease.

10.2 Increasing disease after one course of therapy, including tumor cell growth at

injection site.

10.3 Any patient whose disease process stabilizes or regresses will be offered further

injections of IL-2 modified cells at the dose level previously administered.

10.4 Any questions regarding patients on this study should be addressed to Dr.

Furman (Ext 2403) or Dr. Brenner (Ext 410).

11.0 RECORDS TO BE KEPT

Flow sheets documenting dates and doses of therapy as well as clinical chemistries,

hematologic parameters, the clinical status and occurrence of any adverse events and

subsequent interventions are to be kept on all patients.

Imaging reports

Surgical summaries

Autopsy summaries, where appropriate

Date of entry on to other appended protocols

Informed consent documents

All required clinical evaluation records will be the responsibility of Dr. Victor Santana

who will also be responsible for analysis of the clinical outcome and toxicity.
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The laboratory evaluation of retroviral insertion will be the responsibility of Drs.

Furman and Brenner.

12.0 REPORTING REQUIREMENTS

12.1 Register all patients with Bone Marrow Transplant Data Manager at Ext 410.

12.2 Enter all patients by phoning Dr. Furman or Dr. Brenner. The following forms

should be completed:

On study form

Investigational agents flow sheet forms

Off study forms

12.3 Adverse reactions will be reported by phone to Dr. Furman or Dr. Brenner

within 24 hours of their occurrence. These adverse reaction reports include all

life-threatening events (Grade 3/4 toxicity, Section 9.0) which may be due to

tumor cell injection, and all fatal events.

13.0 INFORMED CONSENT

All patents and/or their legal guardian must sign a document of informed consent

consistent with local institutional and Federal guidelines stating that they are aware of

the investigational nature of this protocol and of the possible side effects of treatment.

Further, patients must be informed that no efficacy of this therapy is guaranteed, and

that unforseen toxicities may occur. Patients have the right to withdraw from this

protocol at any time. No patient will be accepted for treatment without such a

document signed by him or his legal guardian.

See attached document of informed consent in section 17.

Patients may be asked to volunteer for other appended or ancillary protocols which

investigate other questions such as issues of supportive care, the use of hematopoietic

growth factors, management of infectious diseases and/or their prophylaxis, and

pharmacokinetic studies. Such protocols will not be implemented without the review

and approval of the Institutional Review Board. In circumstances where such

protocols are approved, a separate informed consent document, consistent with the

above guidelines, will be obtained

[
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Before acceptance of patients for this protocol, the investigator(s) will explain

specifically the following to the patient and/or parents:

1. The nature of a Phase I study.

2. That the patient’s tumor is resistant to conventional therapeutic agents, but there

exists a chance that therapeutic benefits may be detected following treatment

with IL-2 gene modified autologous tumor cells, but that no benefit may be seen.

3. That antitumor activity has been demonstrated in animals and that a similar

approach is being investigated at NIH for activity in adults with cancer.

4. That certain toxic side effects have been encountered in human subjects.

5. That these side effects have included local reactions.

6. That blood samples will be obtained over a period of time during and after the

injection of modified tumor cells.

7. That this therapy precedes rather than replaces standard chemo/radiotherapy.

8. That the patient and/or parents are asked to sign a statement signifying that they

have read and do understand an account of the possible side effects of the agent

and that the patient or parents have the right to withdraw the subject from

participation in the study at any time.

9. That the patient’s participation in these studies is voluntary and that no financial

remuneration is available for participating in this study, but that all necessary

therapeutic measures will be provided should toxicity ensue, and that the records

of the treatment of the subjects will be kept confidential but may be reviewed

by representatives of the National Cancer Institute, Food and Drug

Administration, or pharmaceutical manufacturers, and that a copy of the signed

consent form will be furnished to the patient and/or parents.

10. That a copy of the signed consent form will be furnished to the patient and/or

parents.

If there is conflict between the parent’s and child’s wishes patients will have an

opportunity to discuss the proposal with a representative from the social services or

psychology departments, who will serve as a patient advocate and who should also

witness the consent.
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15.0 SUMMARY STATEMENT

You have (your child has) neuroblastoma that has come back, or not gone away, after

treatment. The cancer is harder to treat now. We would like you (your child) to be in a

research study of treatment designed to make your (your child’s) own immune system fight

the cancer. To do this we will put a special gene into cancer cells taken from your (your

child’s) body. This gene makes the cancer cells produce IL-2, a natural substance that may
help the immune system kill cancer cells. Some of these cells will then be put back in your

(your child’s) body. Studies of cancers in animals and in cell lines suggest that substances like

IL-2 do help the body kill cancer cells. This treatment has not been used before in children,

but similar treatments are being used in adults with other cancers. Because we do not

know whether this treatment will work against your cancer, this is a research study. Also, we
do not know the best amount of these special cells to use, so different children will get

different numbers of cells. The purpose of the study is to learn the side effects and safe

"dosage" of these special cells and to see how well the treatment works against

neuroblastoma.

TREATMENT
We will first need to test your (your child’s) blood for HIV, the virus that causes AIDS. If

this virus is present, this treatment cannot be used. By signing this statement, you are

agreeing to the HIV testing.

Before treatment starts, cancer cells taken at diagnosis will be grown in the laboratory. We
will then put a mouse virus inside the cancer cells. This special virus has been changed to

keep it from causing infection. It has also been changed to add two new parts-a "marker"

gene called NEOR
(taken from bacteria) and the IL-2 gene (which comes from humans).

The marker lets us tell these cells apart from other cells, and the IL-2 gene is meant to help

the immune system fight the cancer. The modified cancer cells will be injected under the

skin. There will be two shots, one week apart. The second shot will have 10 times as many

cells as the first. You will normally have these shots as an outpatient.

TESTS DURING AND AFTER TREATMENT
Before the second shot, and then again about 2 weeks later, we will remove some of these

modified cells from your body and study them. We will do this by a skin biopsy at the place

where the cells were injected. These tests are to see whether the changes made in the

laboratory are killing these cancer cells.

To study how the immunity is working in your system, we will take blood samples once a

week for 6 weeks, once every 2 weeks for 6 weeks, and then once a month for a year. These

samples (about 1 1/2 tablespoons of blood) will come from the central line, so extra "sticks"

should not be needed. You (your child) will need to come to the clinic on the days when we
take blood.

[
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To see if the treatment is working, we will do CAT scans, MRIs, or bone scans 6 weeks after

treatment starts. We will also take a bone marrow biopsy. If the neuroblastoma is not

responding, we will offer you (your child) treatment with chemotherapy and/or radiation

therapy. If it is working, you (your child) may receive more courses of this treatment.

We will follow your (your child’s) progress for a long time. You (your child) will need to

be examined each year for 14 years. After the first 4 years this can be done by your (your

child’s) local doctor. A blood sample (about 1 teaspoon) will be taken at each exam.

SIDE EFFECTS

In animal studies, and in people who have gotten treatments like this, the only side effect

has been swelling and redness where the cells are injected. This went away in 1 to 3 weeks.

IL-2 given in other ways can cause nausea, fever, or low blood pressure. We do not think

this will happen because the modified cancer cells will produce only small amounts of IL-2.

But it is possible.

The mouse virus that is put in the cancer cells has no known side effects. It is possible that

it might keep some antibiotics from working. It is also possible that the virus might "recover"

and be able to grow, and it might cause another cancer. We think this is very unlikely but

we cannot be sure it will not happen.

There may be other side effects of this treatment that we do not know about yet. We will

watch you (your child) very carefully for any side effects. If there are bad side effects, we
will either use fewer cells in the next treatment, or stop the treatment. Also, if we find out

the treatment isn’t working, we will stop the study.

RISKS AND BENEFITS

We do not know if this treatment will work. The possible benefit of being in this study is

that your (your child’s) immune system may begin to kill the cancer cells, making the

neuroblastoma grow more slowly or go away.

The risks of the study are the possible side effects listed above. Also, it is possible that the

cancer cells we put in your skin may keep growing instead of being killed. We will give you

(your child) chemotherapy or radiation after the injections, but this may not kill all the cells

we injected.

If you do not want to be in this study, you may chose to have no further treatment or to have

treatment with chemotherapy or radiation immediately.
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STATEMENT OF UNDERSTANDING

1. I have read the above statement and voluntarily agree to the participation of myself/my

child in this study/treatment.

2. I have had adequate opportunity to discuss with Dr. caring

(name of investigator)

for me/my child all the purposes and hazards related to this

study/treatment.

3. I have been told of alternate courses of action in my/my child’s situation.

4. I understand that the study/treatment proposed may result in risks which are currently

unforeseeable.

5. I understand that I may withdraw myself/my child from this study/treatment at any time

without jeopardy to further treatment.

6. I understand that financial compensation is not provided for participation in this

study/treatment.

7. I understand that in the event of non-negligent physical injury to myself/my child from

this study/treatment, financial compensation is not available but medical treatment

necessary will be provided at no direct cost.

8. I understand that the information obtained will be kept confidential but that supervised

review by approved medical representatives of outside institutions or agencies may
occur. In particular, the chart may be reviewed by an agent of the Food and Drug

Administration or National Cancer Institute.

9. I understand that if I have further questions regarding this study/treatment, or concern

about injury from this study/treatment, I can contact Drs M.K. Brenner or W. Furman

at 901 522 0300

10. I understand that further information regarding my/my child’s rights as a research

participant can be obtained by contacting the Chairman of the Clinical Trials

Committee, at 901/522-0300.
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11. I understand that I shall receive a signed copy of this summary statement.

Patient Parent

Physician Witness

Date Time

In case of questions or emergencies in reference to this protocol, please contact:

St. Jude Children’s Research Hospital

332 North Lauderdale

Memphis, TN 38105

Telephone: (901) 522-0300
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ASSENT FORM - PATIENT AGE 7-18 YEARS FOR GENE THERAPY

ASSENT
You have neuroblastoma which is not being cured by our usual treatments. We would like

to treat the disease by helping your body fight it. We will do this by giving you some of your

own cancer cells which have been altered to help them make you immune to the cancer.

Before we do this, we will test you for the virus for AIDS.

If you agree, we will take a small part of your cancer that we have grown, and put a special

virus into the cancer cells to help them make your immunity work. Then we will inject them
the cells in two places under your skin. These shots will be one week apart. To see if these

cells are helping you, after 2 weeks we will "freeze" this small piece of skin and take it out.

We will also take an extra amount of blood every week for six weeks, and then less often for

a year.

SIDE EFFECTS
Your skin may get red and swollen for 1-3 weeks where the shot went. The chemical the

cells make may give you a temperature and make you throw up.

ALTERNATIVE PROCEDURES
You can have no extra treatment at all, or you can start treatment with drugs or radiation

straight away, but we believe that this extra treatment may help to cure you more.

STATEMENT OF UNDERSTANDING
All information about your treatment will be kept among the hospital staff that needs to

know. We will not tell anybody else without asking you first. You have the right to ask any

questions you want and they will be answered. You have had this assent form read or

discussed with you by your parents and the doctor (Dr.
)
caring for you.

Before you signed this form you had all your questions answered.

If you have any other questions you can ask your doctor or Dr. Wayne Furman or

Dr. Malcolm Brenner at any time.

Patient Parent or Guardian

Physician Date and Time
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APPENDIX C

ABSTRACT OF PROTOCOL

This protocol is a study of patients with advanced neuroblastoma who have

failed conventional therapy. In an attempt to increase the patient's immune response

to the tumor, the interleukin-2 (IL-2) gene will be introduced into a tumor cell line

established from the patient. These gene-modified autologous tumor cells will then

be injected subcutaneously into the patient. To determine the toxicity associated with

returning transduced tumor cells to the patient a Phase I dose escalation study is

proposed. The patient's immune system will be studied both at the local site(s) of

tumor injection as well as in the peripheral blood. These studies will look for evidence

that the presence of IL-2 secreting tumor cells has changed the patient's immune
responses, in particular their response to their tumor cells. The patient will also be

assessed clinically to see if this intervention has affected the patient's disease course.

Animal models have shown both the injection of gene modified tumor cells and
the derived stimulated lymphocytes to have important antitumor effects. In vitro

experiments using patient lymphocytes and patient transduced tumor cells has shown
increased antitumor activity of the lymphocytes related to the gene transfer into tumor
cells. The patients will be evaluated for antitumor effects engendered by the injection

of the gene modified tumor cells. The injection of gene modified tumor cells may
serve to "immunize" the patient to their tumor and may be amenable to use in a wide
variety of tumor types, especially those that are poorly immunogenic. This protocol

may increase the effectiveness of anticancer treatments available to patients with

neuroblastoma or other forms of cancers.
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APPENDIX D

NONTECHNICAL ABSTRACT OF PROTOCOL

This protocol is designed for patients with advanced neuroblastoma that have
not had success with other treatments. For these patients, a new approach for

treating their cancer will be tested.

The patient's cancer cells will be removed from their bone marrow and grown
up in the laboratory. There, the gene for a cancer fighting protein (interleukin-2) will

be put in the cancer cells. The interleukin-2 gene causes these cancer cells to

produce interleukin-2. The treated cells will be placed under the patient's skin. When
these cells are returned to the patient, they will release interleukin-2. Interleukin-2

activates cancer-killing cells in the body. A week later the patient will be treated with

a larger number of these cells if there was no problem with the first treatment. Since

this therapy is new, it is not known how well it will work in people. The doctors will

look for signs that the cancer-killing cells are working by looking at the place where
the cells were placed under the skin of the patient, as well as measuring cancer-killing

cells in the blood. They will also look at how well this treatment is working by

measuring the size of the patient's tumor. The patient will be carefully watched
during the entire treatment for possible harmful effects. It is hoped that this protocol

will tell the doctors how safe it is to return these cancer cells that release interleukin-

2, how many cells can be returned safely, and if there are any signs that this new
treatment is helping the patient fight their cancer. With this information, the doctors

may be able to develop better ways to help other people fight their cancer.
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Gene Therapy for the Treatment of Brain Tumors Using Intra-Tumoral

Transduction with the Thymidine Kinase Gene and Intravenous

Ganciclovir.

This protocol presents a new therapeutic approach to the treatment of patients with

otherwise incurable malignant brain tumors. The strategy involves the preferential

introduction of a drug-susceptibility gene into proliferating tumor tissue. This is accomplished

by stereotaxic infiltration of the brain tumor with murine cells engineered to produce a

retroviral vector which carries the gene for herpes simplex thymidine kinase. The injected

vector-producer cells will continuously release HS-tk-carrying virus in the vicinity of the tumor

over a period of days. Retroviral vectors will only transfer genes into proliferating cells and, in

the brains of these patients, the only mitotically active cells will be the tumors.

The herpes TK gene confirs sensitivity upon the cells expressing the gene to the

antiviral drug ganciclovir (GCV). GCV is nontoxic to normal tissues, but will kill cells (eg.

tumors) expressing this herpes virus enzyme. Our data also suggest that bystander tumor

cells, not expressing HS-tk, may also be killed as a consequence of this process, amplifying

the antitumor effects of treatment (by a process not completely understood).

Pr.fi.Qi ?:

Malignant brain tumors are responsible for significant morbidity and mortality

in both pediatric and adult populations. These common tumors present an enormous

therapeutic challenge due to their poor outcome despite radical surgery, high dose

radiotherapy and chemotherapy. Survival of patients from the time of diagnosis is

measured in months and recurrence after treatment is associated with a life expectancy

of weeks.

In an attempt to improve this grim prognosis of patients with malignant brain

tumors (both primary tumors and secondary metastasis from systemic cancer such as

melanoma, lung and breast cancer), we have developed a novel approach to the

therapy of brain tumors. This approach makes use of recombinant DNA technology to

transfer a sensitivity gene into a brain tumor. This is acheived by direct injection of the
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tumor with a cell line actively producing a retroviral vector carrying a gene conferring

drug sensitivity to the tumor. A retroviral vector is a mouse retrovirus genetically

engineered to replace its own genes with a new gene. Such vectors are capable of

“infecting” mammalian cells and stably incorporate their new genetic material into the

genome of the infected host. The producer cell is an NIH 3T3 cell that has been

genetically engineered to continually produce retroviral vectors.The new gene is

incorporated into the genome of the tumor cells and expresses the protein which is

encoded by the new gene. This protein (the herpes simplex virus enzyme thymidine

kinase, HS-tk) sensitizes the tumor cells to an antiviral drug (ganciclovir, GCV) which is

a natural substrate for HS-tk. The enzymatic process induced by GCV leads to death of

the cell expressing the herpes TK activity, i.e., death of the tumor cells. Since the HS-tk

enzyme which is normally present in mammalian cells has very low affinity for GCV,

systemic toxicity related to this mechanism is not observed. This type of in vivo gene

transfer has several unique features. First, these retroviral-vectors will only integrate

and express their genes in cells which are actively synthesizing DNA. Therefore,

surrounding non-proliferating normal brain tissue should not acquire the HS-tk gene

and will remain insensitive to GCV. Second, all of the transduced tumor cells (and

retroviral vector producing cells) will be killed by the host immune response and/or

GCV treatment eliminating potential concern about insertional mutagenesis giving rise

to malignant cells.

This is the first clinical attempt to treat malignant tumors in human beings by

in-vivo genetic manipulation of the tumor’s genome.

Overal l Study Design

The study was designed to provide information on three aspects of this

therapy: 1 . Is there significant toxicity associated with our approach, despite the safety

which was shown in the various animal studies. 2. Does in-vivo transduction take place

in the brain tumor, and if so, what is the extent of transduction, and 3. What is the

efficacy (biological effect) of our approach, i.e., the tumoricidal effect in human patients.

Adult patients (>18 years) with brain tumors will be evaluated for the extent

and location(s) of their disease. Accordingly, the patients will be divided into surgically

accessible and inaccessible groups. In both groups of patients, the tumors will be

injected with the HS-tk-producing vector using an MRI guided stereotaxic approach.
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Surgically accessible lesions will then be debulked (7 days after stereotaxic

injection), and the tumor bed will be infiltrated with the HS-tk vector producer cells. The

removed tumor will be evaluated for the efficiency of transduction. GCV will be

administered beginning on the fifth postoperative day at 5mg/kg/dose BID for 14 days.

The surgically inaccessible lesions will receive an MRI-guided stereotaxic

intra-tumoral injection of the retroviral HS-tk vector-producer cells. 7 days later, the

patients will undergo intravenous therapy with GCV at 5mg/kg/dose BID for 14 days.

Patients who will exhibit a partial response to therapy will be considered for

repeated treatments (cell injection and GCV administration) based on their clinical

status, antibody production to PA317 cells, and the radiographical evaluation of their

tumors.

Preliminary Phase: The first stage of the study will be limited to treatment of 3 patients

with recurrent malignant brain tumors who are considered to have an especially poor

prognosis with a very short life expectancy (less than 2-3 months). These patients will

undergo treatment according to the study design proposal and will be particularly

observed for the development of a significant toxicity which is unresponsive to available

therapeutic measures. If such a toxicity is not observed, the study will continue to

include the study population described.

-Qbje.cilye.s

1. To determine if intratumoral delivery of a vector-producer cell line into human brain

tumors will result in in vivo transduction of the brain tumor.

2. To determine if ganciclovir administration to the HS-tk-transduced tumor will result in

eradication of the tumor.

3. To evaluate the short and long term consequences of the implantation of xenogeneic

vector-producing cells.
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I. Introduction

A. Clinical Background:

1. Primary Brain Tumors.

Brain tumors are a major cause of morbidity and mortality in the population.

New brain tumors develop in approximately 35,000 adujt Americans each year. They

comprise the third leading cause of death from cancer in persons 15 to 34 years of age

(1). Recent evidence indicates that the prevalence of primary brain tumors is

increasing, especially in the elderly (2) .

The astroglial brain tumors, including the highly malignant glioblastoma

multiforme (GBM), are the most common primary brain tumors. Despite aggressive

therapy which includes surgical removal of the tumor and post-operative high dose

radiation, the prognosis of patients with GBM is very grim with a median survival of 9 to

1 0 months (3). Although controversial, it appears that neither the quality nor time of

survival is significantly improved when chemotherapy is added to surgery and radiation

(4). When glioblastoma multiforme recurs, there is 100% mortality within weeks to a

few months. In one study, a mean survival of only 36 weeks was found in patients with

recurrent GBM who underwent a second operation. Unfortunately, a reasonable quality

of life in those patients was limited to 10 weeks following the diagnosis of recurrent

GBM (5).

2. Cerebral Metastases.

Cerebral metastases are a frequent complication of systemic cancer

occurring in 20 to 30 percent of patients with cancer (6), (there are 1.1 million new

cases of cancer per year in the U.S.). In 50% of patients, the metastatic disease is

localized to the central nervous system (7). A subset of patients may even be cured of

their primary cancers only to succumb to the isolated metastatic disease in the brain.

Surgery, combined with radiation therapy, is the treatment of choice for a single focus of

brain metastasis that is surgically accessible. Median survival using the bi modality

therapy (surgery and radiotherapy) reaches 40 weeks. In most patients with metastatic

disease to the brain, multiplicity of the lesions, or their inaccessibility, prohibits surgical

intervention and limits therapy to radiation alone with a median survival of about 15

weeks (8).
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3. The Proposed Treatment of Human Brain Tumors

The central nervous system has several advantages of safety and efficacy

for in-vivo gene transfer. First, retroviral vectors only integrate and therefore express

vector genes in proliferating cells. In the brain, the tumor is the most mitotically active

cell, with only macrophage-derived cells, blood cells and endothelial cells at minimal

risk. Therefore, the possibility of specific transduction of the tumor is enhanced.

Second, the brain is a partially immunologic privileged site, which should allow a

somewhat longer survival of the xenogeneic murine cells in the brain and a greater

transduction frequency of the growing tumor. A special feature of human gliomas is

their ability to depress local immunity. This is thought to be secondary to down

regulation of IL-2 secretion and diminished expression of high affinity IL-2 receptors on

T-lymphocytes (9). The murine cells should survive longer allowing for the transduction

of greater numbers of tumor cells. However, this period of survival will be limited since

all cells that integrate and express HS-tk will be destroyed by the GCV.

B. Clinical Gene Transfer

1. Gene Transfer Methods

There are 3 major methods of gene transfer: 1) chemical (e.g. calcium-

phosphate precipitation), 2) physical (e.g. microinjection, electroporation, fusion-

liposomes) and 3) viral (e.g. herpes simplex, adenovirus, retrovirus) (10). Physical and

chemical methods have poor gene integration efficiency, ranging from 1 :1,000 to

1 :1 00,000, making them impractical for most clinical applications. The adenoviruses

and herpes simplex viruses have been used to transfer the vector genes into cells

where they replicate in an extrachromosomal location. Therefore, adenoviruses and

herpes simplex viruses can transfer genes into non-replicating tissues (e.g. lung, brain),

unlike the murine retroviruses.

2. Retroviral-mediated Gene Transfer (11).

In contrast to chemical and physical methods, murine retroviral vectors

have proven to be extremely efficient for gene transfer into mammalian cells, with

efficiencies as high as 90% in cultured murine fibroblast cell lines. Murine retroviral

vectors differ from the adenoviruses and herpes simplex viruses in that the retroviruses

will only integrate and subsequently express their genes in proliferating tissues (e.g.

tumor). This feature of the retroviral vectors may be particularly advantageous in the
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brain, where the tumor is the predominant mitotic cell type, maximizing specific

transduction of tumor with minimal, or absent, transduction of normal brain. These

Moloney murine leukemia virus-based (MoMLV) vectors have been designed to

minimize the possibility of recombinantion resulting in regeneration of a replication-

competent virus (12, 13).

3. Experience with Retroviral-mediated Gene Transfer Into Humans

(Appendix F).

N2/TIL Markina Study

In 1989, the first gene transfer experiment in humans was conducted at the

NIH. This study involved the treatment of 10 patients with autologous T-cells (TIL) that

have been transduced with a retroviral-vector. The vector used in this experiment was

LNL6 (constructed by A. Dusty Miller; supernate produced by Genetic Therapy Inc.)

which has the same general structure and safety modifications as the GITKSVNa

vector we propose to use. None of these patients have demonstrated any untoward

effects secondary to receiving the genetically-altered cells (14).

Human Gene Therapy for Adenosine Deaminase Deficiency

2 children have been enrolled in this protocol since it opened in September,

1990. 15 intravenous infusions of genetically altered autologous T-cells have been

administered. These children had significant immunodeficiency before receiving these

genetically-altered cells, but they have substantially improved after infusions of the

LASN-modified cells. They have been treated with the LASN vector (constructed by A.

Dusty Miller; supernate produced by Genetic Therapy Inc.) which, like LNL6, has the

same general structure and safety modifications as the GITKSVNa vector that we will

use. Neither child has demonstrated any evidence of adverse effect due to the

genetically altered cells.

Other Human Gene Therapy Experiments

A number of other gene-marking experiments
(
e.g. transduction of marrow

cells in patients undergoing bone marrow transplantation) and therapy experiments

(e.g. insertion of cytokine genes into autologous tumor in an effort to vaccinate a

patients) are beginning. No untoward side effects related to retroviral mediated gene

transfer have been observed in any patient.
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II. Pre-clinical Data

A. In Vivo Transduction with NeoR and (3-galactosidase Vectors:

1 . In Vivo TVansduction of the NeoR Vector (LNL6) into the MCA 205 Murine

Fibrosarcoma

Initial studies were performed in mice to determine if tumor cells could be

transduced in vivo. The retroviral vector LNL6, which has a titer of 1 .0x1

0

3 cfu/ml, was

utilized for these experiments. LNL6, which contains a NeoR gene promoted by the 5’-

LTR, is free of replication-competent retrovirus. NeoR protects mammalian cells from

the toxic effects of the neomycin analogue G418. LNL6 vector producer cells or control

cells not producing vector but expressing the NeoR gene (LNL6 transduced 3T3 cells)

and MCA 205 tumor were mixed in vitro and injected subcutaneously in syngeneic

C57BL/6 mice. The mice were inoculated with either 2x1

0

6 MCA 205 tumor cells

alone (group 1 ), with 1x1

0

6 MCA 205 tumor cells mixed with either 1 xl 06 control

NeoR expressing cells (group 2) or with 1x10s NeoR vector producing PA317 cells

(group 3). The cells were mixed just prior to subcutaneous injection. The mice were

then ear tagged, cages coded and the tumors were measured twice weekly with

calipers in 3 dimensions. Tumor size is expressed as a volume (mm3 : length x width

x height).

To minimize the possibility of contamination of the recovered tumor cells

with 3T3 and PA317 cells, we waited 4 weeks before excising the growing tumors. The

excised tumors were minced and digested into a single cell suspension. Tumor cells

from each group were cultured for two weeks. The cultured cells were then placed in a

clonogenic assay (table 1). The number of colonies that grew in media without G418

were similar in each group with a cloning efficiency of 15-20%. There were no

colonies with resistance to G418 in groups 1 and 2, while group 3 had a mean of

63%±15 (range 55-73) G418-resistant colonies. A functional assay for NPT activity, the

enzyme produced by NeoR, was positive for all G418-selected tumors in group 3

(Figure 1).
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Figure 1.
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In control mice, the injection of LNL6 producer cells alone produces a

transient tumor, that is rejected in 7-10 days. Since the evaluation of tumors in the

experimental group was performed at 4 weeks, it is very unlikely that these G418

resistant cells are the producer line cells. The lack of G41 8-resistance in group 2 and

the lack of vector production by the recovered G418-selected cells in group 3 suggests

that the PA317 producer line is not responsible for the G41 8-resistance in group 3.

2. In Vivo Transduction of the E. Coli LacZ (p-galactosidase gene) Vector

(GINaSVBG) into the 9L Rat Brain Tumor

To evaluate the in vivo transduction dynamics within brain tumors, we have

used the G1 NaSVBG vector. G1 NaSVBG (produced by Genetic Therapy Inc., GTI) has

a titer of 1 -5X1

0

6 cfu/ml. This vector contains NeoR and the E. Coli derived gene LacZ

which encodes for the production of the enzyme (3-galactosidase (BAG) (15). The BAG

expression can be detected using an X-GAL histochemical stain. Staining the brain

with X-Gal turns BAG expressing cells blue. This results when an indolyl is liberated

from X-GAL by the action of the BAG enzyme. Subsequent oxidization and self -

coupling forms an indigo blue derivative. The vector containing cells can thus be

discriminated from unmodified cells and then be enumerated with light microscopy.

Rats were inoculated with 4x1

0

4 9L gliosarcoma cells into the right

cerebral hemisphere using stereotaxic guidance. 7 days later, 3x1

0

6 GINaSVBG

producer cells were injected into the tumor bearing and non-tumor bearing

hemispheres using the same stereotaxic coordinates. 5, 9, and 14 days after injection

of the producer line cells, the rats were sacrificed by an intracardiac injection of

formaldehyde to fix the brain. The brains were removed and stained with the X-GAL

technique. Control rats were injected with a BAG expressing non producer cell line

(GINaSVBG transduced, G418 selected 3T3 non-producer cells). The producer cells

and the control GINaSVBG transduced 3T3 cells were 100% positive by X-Gal
(\

staining prior to injection.

In this experiment, we have shown that the injection of producer cells led

to transduction of 50-79% of the tumor cells in situ (Table 2). There was no evidence

of tumor transduction in the recipient of the non-vector producing group (Figure 2a).
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Figures 2b-d. present the microscopic sections taken from the rats on days 5, 9, and

1 4. The production of the BAG enzyme in tumor cells increased with time as

evidenced by the increase in the intensity of the blue stain in each transduced cell.

Maximal expression was reached between 7 and 14 days following injection of the

GINaSVBG producer cells. The injected GINaSVBG producer cells were detected in

diminishing numbers up to 14 days when they disappeared from the injection site.

There was a clear cut delineation between the transduced tumor cells and normal

brain tissue (Figure 2d). Except for the possibility of a rare transduced endothelial cell

in the vicinity of the tumor, no evidence of non-tumor brain transduction was evident in

either cerebral hemisphere. The most mitotically active endothelial cells in the area of

the tumor are likely to be those responding to neovascularization signal from the tumor.

Elimination of these endothelial cells with GCV therapy is desirable. The non-producer

control cells did not demonstrate evidence of transduction of either tumor cells or

normal brain and they were not seen in the tumor or brain after 14 days.

Figure 2. a. - High power magnification of a 9L brain tumor injected with the nonproducer

cells. Note absence of X-Gal positive tumor cells.

Recombinant DNA Research, Volume 15 [787]



Figures 2 b-d. - Transduced tumor cells. b. Day 5 after injection of the producer cells.

c. Day 9 after injection of the producer cells.

d. Day 14 after injection of the producer cells.

Note the sharp demarcation between the transduced tumor and the

surrounding brain (2.d.).
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2.d

This experiment demonstrates that local injection of a vector producer cell

line will transduce tumor cells in vivo, that the transduced tumor infiltrates surrounding

brain with the non-transduced tumor and that in vivo retroviral-mediated gene transfer

does not significantly effect adjacent normal non-proliferating brain tissue.

B. In Vitro GCV Sensitivity of Mammalian Cells +/- Transduction with a HS-tk

Vector

The NeoR-HS-tk vector was inserted into murine (NIH 3T3 cells and the

MCA 205 fibrosarcoma), rat (9L gliosarcoma), and human (U251 glioblastoma) cell

lines in vitro using supernate collected from confluent producer line cells. The

transduced cell lines were then selected in G418 for 14 days at 1.0 mg/ml. Only cells

expressing a functional NeoR gene are able to survive these G418 culture conditions

producing a 100% selected population of vector containing cells.

We then evaluated the sensitivity of the transduced, G418-selected cells

compared to the non-transduced parent cell lines (figure 3). In each case, the HS-tk-

transduced, G418 selected 3T3 cell lines and HS-tk producer cell line were markedly

more sensitive to low concentrations of GCV. Concentrations of 0.5-5 pg/ml were

inhibitory to the HS-tk-transduced cells in this assay. In a clonogenic assay, HS-tk
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Thymidine

Incorporation

(cpm)

positive cells were completely inhibited at 0.5 pg/ml (Appendix A, Table 1). These

findings confirm that HS-tk gene-containing retroviral vectors can effectively transduce

murine and rat tumor cells and stably express both the NeoR and HS-tk genes

resulting in 100% kill of the transduced cells in vitro when exposed to GCV. All in vivo

studies were conducted using G418-selected producer and control non-producer cell

lines that had a similar pattern of GCV sensitivity conferred by a transferred HS-tk

gene.

Figure 3. a.

GCV Sensitivity of 9L Glioma Cells +/• GITKSVNa
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Figure 3.b

GCV Sensitivity of 205 Fibrosarcoma Celia W- GITKSVNa, GITKSVNa
Producer cells and GITKSVNa Transduced 3T3 cells

Figure 3.c.

OCV Sanaltlvlty of Human U251 Olloblaatoma Call* /• GITKSVNa

o

GCV Conoantratlon (ng/ml)
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C. Toxicity studies:

1 . Assessment of Transduction of Non Tumor Proliferative Tissues.

Using the (3-galactosidase gene as a marker, brain tumors were injected with

the GINaSvBg vector-producer cells. Organs were harvested and stained with X-Gal

in order to estimate the frequency of vector expressing cells. Organs evaluated

included the heart, lungs, liver, spleen, kidney, and small and large bowel. Organs were

examined at various intervals following the intra-tumoral injection of the vector (days 5,

9, and 14 after injection). Organs from rats in which control non-producer BAG cells

were injected into their tumors served as controls.

No X-Gal positive cells were seen in the heart and kidney. Occasional X-Gal

positive cells were seen in the spleen, liver, and in the lungs, compatible with the

distribution of normal macrophages. No difference was observed between the

frequency of X-Gal positive cells in these organs between the rats injected with the

vector producer cells and those injected with the non-producer cells. In normal bowel,

there is a large number of X-Gal positive cells within the villi of both the small and large

bowel. Again, no significant difference was observed between the non-producer and

the producer treated rats. These findings are consistent with the histological findings

suggesting that no significant spread of the vector takes place within normal brain.

2. Assessment of HS-tk-producer toxicity in the peritoneal cavity and in the lung.

We have injected HS-tk vector-producer and control non-producer cells IP

into mice. 10 mice received 5x1

0

6 HS-tk vector-producer cells and 10 received 5x1

0

6

BAG vector-producer cells. The mice were observed for 7 days during which no

evidence of toxicity was observed in either group. Ganciclovir was then administered at

a dose of 150mg/Kg BID for six days. During and after ganciclovir administration, no

toxic side effects were observed. A few mice were sacrificed at different time points. No

grossor microscopic pathology was seen in the various organs. The rest of the group is

followed up with no long-term signs of toxicity.

In a second group of mice, 5x1 0^ HS-tk vector-producer cells were injected

IV via the lateral tail vein to evaluate possible toxicity to the lungs where the cells are

trapped. IV injection of 5x1

0

5 BAG vector-producer cells were used in control mice. No

evidence of toxicity was observed before, during and following ganciclovir

administration. Review of micorscpoic slides of the lungs revealed no areas of necrosis

or other pathology in comparison to the control group.
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3. Toxicity studies of HS-tk vector-producer cells with and without GCV in normal brain.

Rats were inoculated with 3x1

0

6 HS-tk vector-producer cells into the deep white matter

of the cerebral hemisphere. The contralateral hemisphere served as control with 3x1

0

6

BAG-transduced 3T3 cells. Cells were injected in a volume of 50pL. Rats were treated

with GCV at a dose of 15mg/Kg BID for 7 days and sacrificed 3 days later for

histological evaluation of the brain. The deep injection site was evident in both

hemispheres with local changes secondary to the infusion of cells. No difference was

seen between the HS-tk vector-producer cell injection site and the BAG-transduced

3T3 cell injection site. Surrounding brain tissue did not show evidence of inflammation

or destructive chamges in either group. A repeat experiment with unilateral injection of

a mixture of HS-tk-producer cells (90%) and 3T3-BAG (10%) followed by GCV 15mg/Kg

BID for 7 days showed similar results. On day 5 following injection of the HS-tk-

producer cells, all the rats appeared ill and dehydrated. Similar symptoms were

observed when control BAG producer cells alone were injected. All the rats recovered

completely after 24 hours of treatment with subcutaneous saline administration. The

rats were sacrificed after cessation of GCV. Histology showed mild edema around the

injected cells. No viable BAG cells were seen and there was some degree of

neutrophilic infiltrate localized to the injection site. In the following repeat toxicity

studies, dexamethasone was administered to the rats as an oral dose of 0.5 mg/Kg/day,

starting on the third day post injection of the vector-producer cells. In this experiment, as

well as in the subsequent experiments in the 9L rat brain tumor model, no evidence of

clinical toxicity was observed in the dexamethasone treated rats. It appears that

dexamethosone pretreatment diminishes the non-specific symptoms related to the

surgery and implantaion of cells in the brain.

In an ongoing toxicity study in Rhesus monkeys, IxlO7 HS-tk-producer cells

were injected into the right frontal hemisphere of 5 monkeys. All animals were

pretreated with high-dose dexamethosone. MRI scans 5 days after inoculation of the

cells demonstrated the small (5mm) inoculation site without any evidence of edema or

mass effect within the brain. GCV was given to two monkeys on the seventh

postoperative day. Again, no neurological ill effects were observed. MRI scan in the

monkeys receiving GCV showed the inoculation site without any evidence of edema or

mass effect within the brain. Additional data is pending from histological assessment of

the brains and organs of three monkeys who will be sacrificed at the termination of the
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experiment. The remaining 2 monkeys will remain alive for long-term neurological

assessment and virologic follow-up.

D. Optimization Studies:

1. Ganciclovir Dose Optimization

The optimization of ganciclovir dosage was evaluated in the rat 9L brain

tumor model. The purpose of the experiment was to determine the minimal dose of

GCV necessary to completely eradicate the tumor. 9L cells, pre-transduced with the

HS-tk gene and selected in I.Omg/ml G418, were used for tumor inoculation.

Ganciclovir was given IP at doses of 10, 20, and 30 mg/Kg/day for 6 days.

The animals were sacrificed 3 days following cessation of ganciclovir. In

vivo fixation of the brain was achieved with intracardiac infusion of 4% formaldehyde

solution. The brains were removed and with the use of the surgical microscope, the

tumors were dissected free of the surrounding brain and weighed. Tumors in the

ganciclovir-treated groups shrank to a mean weight of less than 10% of the tumors in

the untreated control rats and were composed of necrotic non-viable cells. There was

no significant difference between the three GCV dosages (Figure 4). Thus, tumor

regression was obtained with GCV doses routinely applied to man.
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Figure 4.

Mean Weight of Brain Tumors

H Control

ES3 1 0mg/Kg

^1 20mg/Kg

30mg/Kg

Study Groups

I

E. In Vivo Transduction with HS-tk Vectors in Mice and Rats:

1. Anti-tumor Effect of In Situ Injection with an HS-tk Vector Producer Cell

Line on the In Vivo Growth of the MCA 205 Tumor in Mice

Initially, in order to determine if this in vivo gene transfer technique can

promote an increased anti-tumor effect, we used the STK producer cell line. STK

contains a NeoR gene promoted by the 5’-LTR and an SV40 promoted HS-tk gene.

Figure 5 depicts the effect of GCV on tumor growth in vivo in mice that were injected

with 2x1

0

6 MCA 205 tumor cells alone (group 1 ), 1x1

0

6 MCA 205 tumor cells plus

IxlO6 control non-producer HS-tk transduced 3T3 cells (3T3/STK; group 2) or 1x10s

MCA 205 tumor cells plus 1 xl 0® PA31 7 HS-tk vector producer cells (PA31 7/STK;

group 3). The mice were ear tagged, cages coded and the tumors were measured

twice weekly with a calipers in 3 dimensions. Tumor size is expressed as a volume

(length x width x height). GCV treatment was initiated 4 days after injection of the cells

and continued twice daily for 12 doses of 150mg/kg/dose.
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Figure 5.

In-Vivo Anti-Tumor Effect of the STK Vector

Transduced-3T3 Cells Mixed with 205 Tumor

Tumors in groups 1 and 2 grew well regardless of GCV treatment.

However, in group 3, if the mice were treated with GCV there was complete tumor

elimination. Non-GCV treated tumor cells grew unabated as tumors in groups 1 and 2.

The major difference between groups 2 and 3 is the production of vector since the in

vitro sensitivity of 3T3/STK and the PA317/STK Producer to GCV is not significantly

different. In no experiment did GCV alone demonstrate any significant anti-tumor effect

on non-HS-tk-transduced tumors. Injection of the LNL6 producer cells result in

transient growth and then elimination by day 15 in 5/5 mice. Therefore, these findings

suggest that the transfer of a herpes TK gene into tumor in vivo can result in more

efficient eradication of MCA 205 tumor than HS-tk-transduced non-producer cells.

[796] Recombinant DNA Research, Volume 15



2. Anti-tumor Effect of In Situ Injection with an HS-tk Vector Producer Cell

Line on the In Vivo Growth of the 9L Gliosarcoma in Rats

9L is a rat gliosarcoma cell line derived from the Fisher 344 strain. This

brain tumor model has been well characterized (16). Injection of 4x1

0

4 9L tumor cells

into the the cerebral white matter of a rat results in 100% lethality by 4 weeks.

Therefore, we have used this brain tumor model to evaluate in vivo HS-tk transduction

and the subsequent anti-tumor response to GCV treatment

.

Fisher 344 male rats weighing 250-350 grams were anesthetized and

placed in a stereotaxic apparatus. On day 0, we implanted 4x1

0

4 9L tumor cells in a

volume of 50pL into the right cerebral hemisphere. 5 days later, the same stereotaxic

coordinates were used to introduce either saline or 3x1

0

6 STK producer line cells in

50|jJ directly into the growing tumor. 5 days later, the rats began treatment with GCV at

1 50mg/kg/dose twice daily. On the 5th day (10 days since inoculation of the tumor), the

rats brains were examined for the extent of tumor growth. As seen in figure 6, the rats

treated with the STK producer cell line and GCV are the only animals that experienced

complete macroscopic elimination of the tumor (14 of 14 rats). Microscopic analysis

revealed either no evidence of tumor (11 of 14 rats) or some residual, mostly necrotic,

tumor in the tumor bed (3 of 14 rats). There was no evidence of vasculitis or destruction

of normal tissues due to spread of the vector. This experiment further supports the data

obtained with the G1 NaSVBG vector, that this in vivo transduction method appears to

be without significant side effects and has substantial efficacy.
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Figure 6. a. - Control rat brain. The tumor infiltrates and replaces the right frontal lobe.
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6.b. - Photomicrograph. Control rat brain; The highly malignant nature of the infiltrating 9L

glioma is seen within the right frontal lobe. (H&E).

[798] Recombinant DNA Research, Volume 15



6.c. Rat brain after treatment with ganciclovir following transduction with the HS-tk gene.

Note the absence of macroscopic tumor.

6.d. Photomicrograph. Section through the the cavity within the brain left after treatment

with GCV following transduction with the HS-tk gene. Note the normal appearance of

the adjacent brain and lack of cell infiltrate.
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In subsequent series of experiments, we have evaluated the GITKSVNa vector in

the 9L brain tumor model and the various in vitro studies previously done with the

GINsCTK vector, using both producer and non-producer cells. Although no difference

was found in our results between the different vectors (STK, GINsCTK, GITKSVNa),

we believe that the GITKSVNa vector is a better choice for use in a human clinical trial

since it has an improved titer (5x1 0^ versus 1 xl 04
)
and has further safety

modifications to prevent the development of replication-competent virus compared to

the other available vectors.

F. Bystander Effect.

One of the unique features of the tumor rejection in the HS-tk system in

mice is the observation that not all the tumor’s cells must contain the inserted gene in

order to be killed upon ganciclovir challenge. In mice given a subcutaneous tumor in

which 100% of the cells carry the HS-tk gene, complete tumor regressions are seen

following GCV treatment. Interestingly, when tumors established from cell mixtures

containing 50% HS-tk gene-modified cells mixed with 50% wild-type unmodified tumor

cells were treated with GCV, almost all tumors (14/15) regressed. Even in situations

where the mixed tumor contained 90% unmodified, wild-type tumor cells mixed with

only 10% HS-tk modified tumor cells, complete regression of the cancer was observed

with GCV treatment in 9 of 15 animals (see Table below).

The effect of GCV on the incidence of tumor growth in mice injected with mixtures of various

proportions of HS-tk gene-transduced and wild type tumor cells.

Tumor Mixture Recioient Incidence of Paloable Tumors

% wild type % HS-tk tumor 2 weeks 5 weeks

0 % 100% 0/15 2/15

50% 50% 0/15 1/15

90% 10% 3/15 6/15

1 00% 0% 12/15 15/15

[800]
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This phenomenon was reproduced in in vitro studies where we incubated

various tumor cell lines (murine 205, rat 9L, human U251) with HS-tk-vector producer

cells for 24 - 72 hours. Following exposure to GCV, the supernates were removed and

transferred to tissue cultures of the wild-type tumors (not transduced with the HS-tk

gene). Thymidine incorporation assays revealed that the supernates significantly

inhibited thymidine incorporation in all tumor types (Figure 7). The mechanism of this

“bystander tumor kill” is not yet completely understood. This may involve the production

of toxic triphosphates by the interaction of thymidine kinase and GCV leading to

inhibition of DNA synthesis and death of replicating cells. It does not seem to involve

generalized non-specific cellular toxicity since the overlying skin and other tissues

surrounding these HS-tk treated tumors was not grossly injured while the tumors

expressing the genes and the admixed wild-type tumor cells were completely

destroyed.

Both the 9L rat gliosarcoma and the human glioblastoma cell line U251 were also

sensitive to this “Bystander” effect in an in vitro mixing experiment (see Appendix B;

method by Hiroyuki Ishii). GITkSvNa transduced and non-transduced tumor cells

were mixed at different ratios in 96 well microtiter dishes. GCV was added to the wells

and 24 hours later, the cultures were pulsed with tritiated thymidine. These bar graphs

depict a greater decrease in proliferation than would be expected at a GCV level of 5.1

pg/ml in the medium (the numbers over the bars represent the percent of transduced

tumor in the culture. This concentration is easily within the therapeutic range

established in humans. Since it is unlikely that 100% of the tumor cells in the brains of

our patients will be successfully gene-modified, this “bystander” effect is very important

for the successful outcome of this treatment approach.
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Figure 7

9L Bystander TK data

QCV Concentration (pg/ml)

U251 Bystander TK data
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Pre-Clinical Summary

The pre-clinical findings noted above suggest that the direct inoculation of

a growing brain tumor with a HS-tk retroviral vector-producing cell line can mediate

complete tumor rejection without the need for surgical excision, irradiation and/or

traditional non-specific chemotherapy. In essence, this is an in vivo gene transfer

methodology that selectively alters the sensitivity of a tumor cell to chemotherapy.

Therefore, treatment with GCV does not result in widespread damage to the host

immune system like many forms of chemotherapy.

Our animal studies have demonstrated no significant toxicity to the normal

brain tissue or any of the proliferating non-CNS tissues evaluated suggesting that the

implantation of vector producer cells in a brain tumor is not associated with non-

specific systemic toxicity. Having no suitable brain tumor model in non-human

primates, we propose a human clinical research protocol for the treatment of human

brain tumors by the direct injection of GITKSVNa vector-producing cells into primary

and metastatic brain tumors.

III. Selection of Patients

All adults, greater than 18 years of age, with malignant brain tumors (primary

and metastatic) who failed all standard therapy for their disease will be eligible to enter

the study. Patients will be divided into two groups based on the surgical accessibility of

their lesions as estimated from the pre-treatment radiological evaluation. These

decisions will be made by the PI in accordance with the standards of care of

neurosurgical practice.

Group 1. Patients in whom the lesion(s) is (are) surgically accessible with acceptable

operative risk.

This group will provide necessary information regarding the efficiency of in-vivo

transduction in the brain tumor after 5 days. In this group of patients the evaluation of

the biological effect of tumor regression is limited and prolonged by the operative

attempt at maximal tumor resection.

Group 2. Patients in whom the lesion(s) are surgically inaccessible or the operative

risk is unacceptably high.

This group of patients will provide information regarding the effect of this treatment on
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the tumor and will be measured by a change in tumor size. This change is completely

dependent on the efficacy of transduction and is not biased by factors such as surgical

debulking (as is the case in the surgically accessible group)

Three patients from either group who are considered to have an extremely poor

prognosis will be included in the first treatment group for assessment of significant toxic

side effects (which are not expected, based on the various animal studies).The study

will continue as described if no such toxic effects will be encountered. An evaluation of

toxicity report will be submitted to the Chairman, ICRS, NINDS, upon the completion of

the study in these 3 patients.

Pregnancy testing will be performed on all eligible women. No pregnant

woman will be entered into the study. HIV screening will be performed by the referring

physician and patients with HIV infection will not be accepted for this study.

Confirmatory non-serologic studies for HIV status will be performed at the NIH.
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Patients admitted for study under this protocol will be registered with the

principal investigator at Building 10, Room 5D37, National Institutes of Health,

Bethesda, MD. 20892. [(301)496-2239,496-5728].

Exclusion Criteria: Patients with the following conditions will be excluded from the

study:

1 . Impairment of renal function. Patients must have a creatinine of less than 1 .5 mg%

or creatinine clearance greater than 80 ml/min/m2 .

2. Coagulopathy. Patients must have a normal coagulation profile as demonstrated by

normal Prothrombin Time (PT) and activated Partial Thromboplastin Time (PTT).

3. Acute infection. Active infection is defined as any acute viral, bacterial or fungal

infection which requires specific therapy.

4. Neurological deterioration. Patients with an increased ICP who require prompt

reduction of ICP and have a surgically inaccessible lesion will be excluded.

5. HIV positive patients .

6. Pregnant
.
patients,

7. Thrombocytopenia. Platelet count < 100,000 platelets /mm3

8. Granulocytopenia, anc < iooo/mm3

9. Severe systemic diseases such as severe ischemic heart or lung disease

considered to be associated with an unacceptable anesthetic/operative risk.

10. Patients with Karnofskv Score below 20 (see appendix) will be excluded from the

study, (see appendix H).

11. Despite the requirement for a Durable Power of Attorney, as appears in the informed

consent, patients who are unable to comprehend and sign the informed consent will

be excluded from the study.

IV. Clinical Evaluation Before Treatment

A. Before a patient can be entered into this study, the NIH investigators must receive

information from the referring physician(s) detailing the clinical history, general

laboratory results, specific neurologic and radiologic evaluations, their diagnoses,

and all previous therapies (Appendix A).
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B. Data substantiating the histopathological diagnosis must be received for review prior

to participation in the study. If no recent tissue diagnosis is available, the nature of the

space occupying lesion (e.g. tumor vs. radiation necrosis) will be determined by a

stereotaxic biopsy of the lesion prior to cell injection.

C. Pretreatment general physical examination and a comprehensive neurologic

evaluation.

D. Renal, hepatic and hematological Evaluation including blood chemistries (uric acid,

calcium, phosphorus, magnesium, osmolality, SGOT, SGPT, Alkaline Phosphatase,

LDH, total bilirubin, BUN, creatinine, albumin, total protein, electrolytes, glucose),

urinalysis with a 24 hr. creatinine clearance, PT, PTT, fibrinogen and a CBC with

differential and platelets.

E. Radiological Evaluation. Each patient will undergo an MRI study of the brain without

and with gadolinium enhancement. CT will be performed with contrast enhancement

if appropriate. Preliminary decisions regarding the eligibility of the patient for either

treatment group, and the injections and/or procedures needed for each patient will be

decided based on these studies.

F. Immunologic evaluation.

1. In vitro lymphocyte proliferative responses to mitogens (OKT3, PHA), soluble

antigens (Diphtheria, Tetanus, Candida albicans), alloantigen and murine

antigens (PA317 cell).

2. Cellular phenotype of peripheral blood by dual label FACS analysis (CD3/HLA-

DR, CD4/CD8, IL-2R)

3. Isohemagglutinins and quantitative immunoglobulins (A,G,M and E)

4. Serum for antibody to PA317 cells.

5. Determination of cytotoxic cell function (NK
,
LAK and CML as available)

6. Soluble IL-2R

7. DTH skin test panel (CMI Multitest or equivalent)

8. Non-serologic HIV test

V. Nature of Procedures or Therapeutic agents

(See schema in Appendix C)
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1

I

I
A. Surgical Procedures

1. Surgically accessible group: Single lesion. Patients will undergo an MRI-guided

stereotaxic injection of the HS-tk vector-producer cells into their brain tumor. The

procedure will be performed under general anesthesia. Multiple injections will be

performed into the tumor as determined by the size of the tumor. Each injection will be

done using a volumetric pump over 10-30 minutes duration (based on the injected

volume).

Seven days following the procedure, the patient will be taken to the

operating room and under general anesthesia, a craniotomy will be performed and

complete tumor removal will be attempted. The lining of the cavity will then be infiltrated

at multiple sites with the HS-tk vector-producer cells. Ganciclovir will be administered

starting on the fifth post-operative day for 14 days.

2. Surgically accessible group: Multiple lesions: Patients with multiple lesions

(metastases) will be considered candidates for removal of multiple lesions according to

the surgical feasibility of such procedures. In a selected group with multiple surgically

accessible lesions, a staged surgical excision may be performed. Tumor transduction

will be performed in two stages: the first will include stereotaxic injection of the lesions

with the HS-tk-producer cells. Seven days later, the tumors will be removed via open
j

surgery and intra-operative infiltration of the tumor lining will proceed as described in

A.1 . GCV will be administered as in A.1 .
!

3. Surgically inaccessible tumors: Single lesion. Patients assessed as having a

surgically inaccessible tumor will undergo an MRI-guided stereotaxic injection of the

HS-tk vector-producer cells into their brain tumor. The procedure will be performed

under general anesthesia. Multiple injections will be performed into each tumor as will

be determined by the size of the tumor. Each injection will be done using a volumetric

pump over 10-30 minutes duration (based on the injected volume). Ganciclovir

administration will begin on the seventh day after the procedure for 14 days.

4. Surgically inaccessible: Multiple lesions: Patients harboring multiple surgically

inaccessible lesions will have up to two stereotaxic injections performed in one single

session. The number of procedures will be determined by the condition of the patient,

[808]
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location(s) and the number of the lesions. Ganciclovir administration will begin on the

seventh day after the procedure for 14 days.

B. Volume and number of injected cells:

Factors such as tumor size, location, and the preoperative neurological

condition of the patient will determine the injectable volume. As a rule, the injection of a

maximal number of vector producer cells in as small a volume as possible will be

attempted. The final cell concentration will be adjusted to < 1X10 8 cells/ml.

C. Peri-operative medications:

1 . Antibiotics: All patients will receive a single dose of IV 2g Ceftriaxone just prior to

the surgical procedure.

2. Steroids: All patients will receive dexamethasone at 32 mg/day starting 7 days

prior to the vector-producer cell injection and treatment will be continued until

GCV is discontinued. Dexamethasone will then be tapered according to

individual patient requirement. As experience is gained, the need for high

dexamethasone dosing may be modified.

3. Mannitol: Will be administered during the surgical procedure at Ig/Kg and the

dose repeated TID for 24 hours following the procedure.

4. Anticonvulsants: Anticonvulsive therapy will be administered according to the

usual neurosurgical guidelines for such medications.

5. Analgesics: Pain medications will include Acetominophen 650-1000 mg Q 4

hours.

D. The GITKSVNa Retroviral Vector

GITKSVNa is a retroviral vector derived from the Moloney murine

leukemia virus (MoMLV). This vector contains a herpes thymidine kinase (HS-tk) gene

cDNA that is transcribed from the viral LTR and a bacterial neomycin resistance (NeoR)

gene transcribed from an internal SV40 (simian virus 40) early promoter (LTR-HS-tk--

SV--NeoR--LTR) in the G1 vector backbone (Genetic Therapy Inc., Gaithersburg, Md).

This G1 -based vector has been modified for increased safety by alteration of the gag

start codon to a stop codon, and by elimination of viral sequences needed for the

formation of the virus. This has been shown to minimize the potential for helper virus
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production from producer cells which contain the vector. No replication-competent

virus has been detected during long term culture or following administration of the

vector to animals or humans.

The herpes simplex thymidine kinase (HS-tk) gene is a negative

selectable marker or “suicide” gene. When a HS-tk transduced cell is exposed to

ganciclovir (GCV), the GCV acts as a substrate for phosphorylation by HS-tk resulting

in a triphosphate (TP) form of the drug. This phosphorylated form (GCV-TP) inhibits

DNA polymerase and is incorporated into DNA resulting in an inability of the cell to

proliferate. The end result is cell death for the HS-tk transduced cells (17). The NeoR

gene is a positive selectable marker. The bacterial NeoR gene encodes for NPT II

(neomycin phosphotransferase II), an enzyme that will protect GITKSVNa expressing

cells from the toxic effects of G418
(
a neomycin analog). NeoR is widely used in our

retroviral vectors and has been used in all human clinical trials to date without adverse

effect. NPT-II inactivates the antibiotic Amikacin but does not inactivate other

aminoglycoside antibiotics (such as gentamicin and tobramycin) (18). The introduction

of the NeoR gene should not affect the clinical management of gram negative

infections in the patients.

Preparation of the GITKSVNa-Producer cell line

The vector construct was transfected into the PA317 (ATCC CRL 9078)

packaging line cells. The generation of retroviral vectors from transinfected PA317

cells has been extensively tested in vitro and in human gene transfer/therapy

experiments and in all cases has remained free of replication-competent retrovirus.

(See I.B.3).

The transinfected GITKSVNa cells were selected in G418 and cloned.

this clone has been submitted for FDA approved testing for use in our clinical studies.

Prior to the use of the GITKSVNa-producer cell lines for injection into humans, the

cells will be required to meet FDA specifications already in use for other clinical human

gene therapy experiments in progress.
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F. Growth of the GITKSVNa Producer cell line for Clinical Use

The producer cell lines will be grown in either monolayer in flasks or in an

artificial capillary system (ACS).

1. The producer cells are maintained in complete medium which contains Dulbecco’s

modified MEM with 4.5 gm glucose/liter with L-glutamine (DMEM), 10% FCS, 2 mM
L-glutamine, 100 U/ml penicillin G sodium and 100 mcg/ml streptomycin sulfate.

2. Monolayer Cultures

The monolayer culture will be grown in T-175 flasks at 37°C with 5% CO2 . When

the cells are >90% confluent, the cells will be trypsinized and split 10:1 in fresh

complete medium. A confluent T-1 75 flask generally contains 1 -1 .5X1

0

7
cells.

3. ACS Cultures

The producer cells grown in five T-175 flasks are trypsinized, washed in complete

medium and resuspended in 100 ml of media. The cells are then injected into a

TM
autoclaved, CELLMAX 100 bioreactor (Cellco Advanced Bioreactors, Inc.;

Kensington, MD) and the bioreactor is placed in a 37°C, 5% CO2 incubator.

Perfusate is pumped continuously through the 8000 hollow fibers to maintain

proper nutrition and eliminate waste products of cellular metabolism as previously

described (19). In brief, complete medium is pumped at a flow rate of 10-300

ml/minute, increasing as the number of cells increase. Glucose measurements will

taken periodically from the perfusate to aid in assessing the need for media

change. The 100 ml cartridge can reach near tissue density, containing

approximately 1

0

1

0

cells (equivalent to the number of cells contained in 1 000

confluent flasks). We have grown G1 -based vectors in the ACS on multiple

occasions without evidence of development of aberrant growth or replication-

competent retrovirus.

G. Testing and Harvest of the Producer cell lines for Clinical Use

1 . 48 hours prior to clinical use

a. Sterility cultures

b. Endotoxin level

2. On the day of cell harvest for clinical use:

a. An aliquot of supernate will sent for a STAT gram stain and culture.

b. Supernate will be at saved at -70°C for viral titer and tests for replication
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competent virus (S+/L-).

c. The cells will be trypsinized, harvested into 50 ml conical tubes (Falcon),

washed three times in normal saline and counted by trypan dye exclusion.

d. An aliquot of cells will be cryopreserved for DNA studies.

e. The final cell concentration will be adjusted to no greater than IxlO8 .

VI. Potential Hazards of the Implantation of GITKSVNa Producer Cell lines

into Human Brain Tumors

A. Potential suraicai complications.

Infection: Patients with malignant brain tumors have a significant predisposition to a

variety of superimposed infections secondary to a state of immune suppression as

previously described. The probability of post operative wound infection is also

increased due to previous radiation damage to the scalp following radiotherapy.

Antibiotic therapy will be given as a prophylaxis prior to the surgical interventions and

specific infections will be treated as needed.

Increased ICP: Patients with an intracranial space occupying lesion often present

with symptoms attributable to increased intracranial pressure (ICP). All the patients in

this study will be treated prophylactically with high dose dexamethasone before the

surgical procedures. Additional measures (Mannitol) will be given in the peri-operative

period.

Steroid complications: The long term effects of steroids are well documented.

However, most of the patients who will enroll in our study will require steroids for

control of increased ICP regardless of the proposed treatment. Inducing a reduction in

tumor size may actually allow the reduction of the steroid dose in some patients.

Chemical meningitis: Despite the lack of a meningeal reaction in our model

laboratory animals, meningitis or meningitis-like symptoms may develop secondary to

spillage of the vector-producer cells into the subarachnoid space. Such symptoms are

expected to be self-limiting and ameliorated with symptomatic care (analgesics).

However, such a reaction may be severe and could produce severe permanent

neurological deficits or death. When indicated, CSF sampling may be required to rule
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out infection.

Severe edema: Edema secondary to necrosis and breakdown of the transduced

tumor ceils may occur. The magnitude of such edema, if it occurs at all, is unkown. As

a precaution, all patients will be treated with high-dose steroids and peri-operative

mannitol as preventive/therapeutic measures. If edema around the tumor is not

responsive to therapy, it can result in permanent, significant neurological deficits or

death.

Surgical Procedures: The surgical procedures (both stereotaxic and open surgery)

carry a risk for loss of neurological function, non-neurological complications and death.

The risk depends on the preoperative condition of the patient, size and location of the

tumor, and associated diseases (e.g. Ischemic heart disease, renal failure, COPD etc.).

The risk for an individual patient will be determined prior to the decision on the

appropriate line of therapy and will be discussed with the patient prior to surgery.

B. The development of replication-competent retrovirus.

This has been discussed (Section V.D.).

C. Prolonged survival of the PA317 murine cells in vivo.

The PA317 cells are murine cells that survive 7-10 days in syngeneic (H-

2^) mice and 7-14 days in rats bearing brain tumors. Xenogeneic antigens on

transplanted tissue induce immune rejection in immunocompetent humans. Therefore,

the immune response of the patient will be expected to eliminate ail of the injected

producer line cells. The time to rejection is difficult to estimate since the brain is a

partially immunologically privileged site, patients with brain tumors are

immunosuppressed due to the presence of the tumor, and the patients will be receiving

high-doses of exogenous corticosteroid therapy. Lastly, on day 7 we will initiate

treatment with GCV that will destroy any remaining PA317 cells.

D. Dissemination of GITKSVNa.

Our MoMLV amphotropic retroviral vectors are directly inactivated by

human complement (without antibody). Therefore, escape of free vector into the

cerebral spinal fluid or the vascular space should result in immediate inactivation. The
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gene transfer in this direct injection system is most likely due to the intimate contact of

the tumor and producer cell lines. Any vector particles that are released in the area of

injection will be quickly bound by the thousands of amphotropic vector receptors on

each tumor cell and other host cells. Even if all of the vector particles produced were

able to escape direct transfer into adjacent tumor cells and cross the blood-brain

barrier, the number of vector particles relative to the number of receptors in any organ

would still be very small suggesting a very small risk of injury to proliferating cells in

any non-CNS organ. Any direct transfer into neurons by cell-to-cell contact will not

result in HS-tk gene integration and therefore, should not pose a risk for their

normal brain tissue is likely to be a problem (Section II.A.2.). However, if the HS-tk

gene will be introduced into a large number of normal dividing cells within the CNS

(such as endothelial cells and astroglial cells), vasculitis like symptoms (headaches,

convulsions, bleeding) may develop. Such changes however will be localized to the

immediate vicinity of the tumor as had been shown in our experiments (II. B. 2) and in

fact may even enhance tumor eradiacation by increasing the exposure to the immune

system.

F. Insertional Mutagenesis

cells. The random nature of this integration allows for the potential of an untoward

insertional event. If the insertion disrupts a gene essential for maintaining cell function,

that particular cell will die. Since the gene transfer will occur most predominantly in

tumor cells, if the vector insertion site results in the death of a few tumor cells without

GCV, that should not pose a problem.

be accurately estimated since that has never been a documented occurrence in

animals or man. While this is a real risk, this risk must be very low, especially in this

protocol, where all vector containing cells will be killed by GCV. In our 189.8 months of

cumulative patient observation in the human gene transfer clinical protocol and the

89.9 years of cumulative observation of primates (some severely immunosuppressed
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E. Transduction of surrounding brain tissue.

There is no evidence in our animal model that transduction of surrounding

Retroviral vector DNA is inserted randomly into the genome of proliferating

The risk of oncogeneic transformation with these retroviral vectors cannot



and intentionally exposed to large amounts of infectious replication-competent

retrovirus), n£ untoward effects of retroviral exposure or retroviral-mediated gene

transfer have been observed (20) (Appendix E). Based upon available data, the risk of

death secondary to their tumor far exceeds any risk of insertional mutagenesis.

G. Ganciclovir sodium (GCV: Cytovene®)

The GCV used in this trial will be purchased from Syntex corporation (Palo

Alto, CA). GCV is an FDA approved drug for the treatment of cytomegalovirus (CMV)

retinitis in immunocompromised individuals. The drug is administered by intravenous

infusion over 1 hour at a dose of 5 mg/kg of body weight twice daily for 1 4-21 days.

FDA approved prescribing guidelines (where applicable), administration procedures,

drug interactions, and patient monitoring recommendations will be followed for the use

of this drug. The Cytovene® product monograph is included in appendix F.

There is no information regarding the use of GCV for the treatment of

humans as a method to destroy herpes TK gene transduced human cells. GCV does

cross the blood-brain barrier. The cerebral spinal fluid (CSF)/plasma ratios has been

estimated in 3 patients at various time intervals with ratios ranging from 0.24 to 0.7

(0.31-0.68 jag/ml in the CSF and 0.44-2.20 pg/ml in the plasma). Peak plasma levels

have been documented to reach 9|ig/ml. These CSF and plasma levels are expected

to be within the range of GCV levels needed to kill the HS-tk transduced cells based on

in vitro studies (0.5p.g/ml will prevent growth of HS-tk-transduced tumor cells). If the

patient has evidence of renal impairment, the dose will be adjusted as suggested in

the GCV monograph.

The most common side effects are granulocytopenia (absolute neutrophil

count (ANC) of <1000 cells/mm3
)
in 40% of patients and thrombocytopenia (< 50,000

platelets/mm3
)

in 20%. This data was collected in immunosuppressed, CMV infected

AIDS patients, who may have been more susceptible to marrow suppression than our

patient population, due to additional opportunistic infections and concomitant drug

therapy. The actual risk to our patient population is unknown. Each patient will be

closely monitored for the development of granulocytopenia and thrombocytopenia.

The development of an ANC of <500 cells/mm3 or a platelet count of <25,000

platelets/mm3 will require a dose interruption until the ANC is >750 cells/mm3 platelet
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count is >40,000 platelets/mm3 .

Other side effects occurring in approximately 2% of patients include

anemia, fever, rash and abnormal liver function. If possible, autologous blood will be

obtained and stored prior to treatment for transfusion should significant anemia

develop secondary to GCV therapy or surgical blood loss. Fever and chills will be

treated with acetominophen (650 mg every 4 hours) and rash with diphenhydramine

(50mg every 6 hours). See appendix G for complete toxicity criteria.

i

There are a number of other possible toxicities related to GCV

administration (e.g. the possibility of temporary or permanent inhibition of

spermatogenesis) discussed in the monograph (Appendix F; page 38). These

toxicities have generally occurred in immunosuppressed, ill individuals receiving long

term administration. Our treatment protocol will use the known tolerated dose

(lOmg/kg/day) in non-infected patients for only 14 days. These differences in patient

population and treatment duration should minimize the likelihood of the development

of potential toxicities cited.
I

Reporting of Adverse Reactions

Adverse drug reactions (ADRs) to the IND Drug will be reported promptly to

the Investigational Drug Branch (IDB), phone (301) 496-7957. ADR reports are

required even if there is only a suspicion of a drug effect. Previously unknown Grade

1 ,2 and 3 reactions will be reported to the NCI in writing using the “NCI Adverse

Reactions Form for Investigational Agents” within 10 working days. Grade 4 (life-

threatening) reactions and patient deaths while on treatment will be reported to the NCI

by phone within 24 hours. A written report will follow within 10 working days.

Written reports will be sent to:

Investigational Drug Branch

Cancer Therapy Evaluation Program

P.O.Box 30012

Bethesda, MD 20824
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VII. Evaluation and Follow Up.

A. Evaluation during the treatment period:

1. Before GCV treatment. Patients will be evaluated daily throughout the study. For the

first 48 hours following the surgical procedure, they will be under continuous monitoring

in the Surgical ICU.

The neurological exam will be recorded daily. MRI scan of the brain will be obtained on

the first and fifth post-operative day depending on the clinical status.

2. Purina GCV treatment. Patients will return to the Surgical ICU for GCV therapy, for a

minimum of 48 hours. A Neurological exam will be performed and recorded twice a day.

An MRI study, with and without gadolinium, will be performed at least weekly beginning

on the second day of GCV therapy. Creatinine clearance tests, liver function tests, CBC

with differential count, coagulation studies and blood chemistry will be closely

monitored.

B. Evaluation following the treatment period.

1. Follow up. Patients will be prepared for discharge upon completion of the GCV

course of treatment. A complete neurological and physical examination will be

recorded prior to discharge. Patients will be seen as outpatients at 2 weeks intervals for

the first 2 months and on a monthly basis for one year. Neurological status will be

recorded at each follow up visit as well as a gadolinium enhanced MRI, blood chemistry

and CBC. The number of visits after the first year will depend on the status of the tumor.

2. Yearly follow-up laboratory evaluation.

Patients will be requested to be followed once a year for the rest of their life for retroviral

gene transfer safety monitoring.

a. CBC with Differential count

b. Repeat Immunologic evaluation.

c. Serum for antibody to PA317 cells.

d. PCR on mononuclear cell DNA for vector sequences

e. Western analysis of serum for antibody to retroviral antigens

f. If at any time a new malignancy develops, we shall attempt to obtain involved

tissue for analysis for the vector DNA.
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It is understood that the performance of an individual study or test as

specified in this protocol is subject to factors such as patient compliance,

scheduling difficulties, equipment malfunction, or the clinical judgment of the

principal investigator or patient care physician, and that a test therefore may not be

done in an individual instance with no violation of the protocol. However, any

systematic modification of the original protocol in this regard, whether related to

patient safety or not, will be submitted to the IRB for approval.

3. Tumor specimen processing and evaluation: Previously injected tumors removed

during open surgery will be subjected to routine histopathological evaluation, staining

for the presence of murine cells and DNA analysis for NeoR and Env (envelope)

sequences. The relative proportion of NeoR to Env will provide a semiquantitative

measure of the degree of tumor transduction.

4.

Autopsy : An attempt will be made to perform a complete autopsy on any patient who

dies during the study. Whenever possible, tissues from the brain, tumor(s), bone

marrow, will be evaluated for the presence of the GITKSVNa vector by PCR. Whenever

the autopsy is performed outside the NIH, an attempt will be made to obtain the

pathological slides of the CNS for review at the NIH. A tentative agreement to autopsy

is included as part of the consent form.

C. Criteria for Response

1
)

Non responders: No observable decrease in the size or progression of the

tumor by MRI scan.

2) Partial responders: >50% decrease in tumor volume by MRI at any time

point

.

3) Complete responder:

a. No remaining tumor on MRI at 3 months for the surgically accessible groups

b. No remaining tumor on MRI at 4 weeks for the surgically inaccessible groups.

c

[
818
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D. Off-Study Criteria

a. The development of any grade 3 or 4 toxicity that is not easily correctable.

It should be noted that the assessment of neurological toxicity
(
Neurosensory,

neuromotor, neurocortical, neurocerebellar, neuro-mood, neuro-headache, etc. as

appears in Appendix G - Toxicity Criteria) relates to the relative changes from the

pre-treatment neurological status.

b. Upon request of the participating patient or the person with the power of attorney.
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MEDICAL RECORD CONSENT TO PARTICIPATE IN A CLINICAL RESEARCH STUDY
• Adult Patient or • Parent, for Minor Patient

INSTITUTE: NINDS

STUDYNUMBER: PRINCIPAL INVESTIGATOR: Edward H. Oldfield M.D

STUDYTITLE: Gene Therapy for the Treatment of Brain Tumors Usinq Intra-Tumoral TransHurtinn
with theThymidine Kinase Gene and Intravenous Ganciclovir

—
INTRODUCTION

" "

We invite you to take part in a research study at the National Institutes of Health. It is important that you read and
understand several general principles that apply to all who take part in our studies: (a) taking part in the study is entirely
voluntary; (b) personal benefit may not result from taking part in the study, but knowledge may be gained that will
benefit others; (c) you may withdraw from the study at any time without penalty or loss of any benefits to which you are
otherwise entitled. The nature of the study, the risks, inconveniences, discomforts, and other pertinent information about
the study are discussed below. You are urged to discuss any questions you have about this study with the staff members
who explain it to you.

There is no effective treatment for malignant brain tumors which recur following surgery,

radiation therapy and/or chemotherapy. Therefore, we have developed a new experimental

approach, for the treatment of recurrent brain tumors, that takes advantage of knowledge gained in

the fields of genetics and gene therapy. A virus that causes mouth sores and other types of

infections is called herpes simplex. It can be treated with a drug called Cytovene®. Herpes simplex

is killed by Cytovene® because the virus contains a specific gene called the herpes-thymidine

kinase gene (TK gene). The TK gene has been isolated in the laboratory and in experiments has

been injected into brain tumors in rats. This causes the brain tumor cells to be killed when the rats

are treated with Cytovene®. In some of the rats treated this way, the brain tumors disappeared.

The purpose of this study is to gain information about whether or not this new approach is

effective in treating human brain tumors. Although the findings in animals are encouraging, you will

be one of the first humans to receive this investigational treatment for brain tumors. While we hope

to gain information on the usefulness of this approach in humans, we cannot know whether your

tumor will get smaller as a result of this treatment. It is possible that this treatment could make you

worse.

• patient identification

£
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MEDICAL RECORD CONTINUATION SHEET for either:
NIH 2514-1, Consent to Participate In A Clinical Research Study
NIH 2514-2, Minor Patient's Assent to Participate In A Clinical

—
i

I

Research Study

STUDY NUMBER CONTINUATION: page 2 of pages.

What is genetic therapy for brain tumors?

We will attempt to change the genetic material of your brain tumor cells by inserting the TK

gene into the tumor cells. The way we will transport the TK gene into the tumor cells is to use a

“vehicle” to carry the TK gene into the cells. An example is that if you want to move a caboose you

need to hook it to an engine. The vehicle (or engine) in this case is another virus - a mouse virus -
1

that has been inactivated so that it can not cause disease. We call this vehicle a “disabled mouse
|j

vector”. We attach the TK gene (the caboose) to the vector and it carries the gene into your brain

tumor cells. When the vector/gene combination gets into your tumor cells it inserts itself into the

cells’ genetic material (chromosomes) and tells the tumor cells to begin making thymidine kinase.

When we give you Cytovene
,
the tumor cells containing the TK gene make harmful substances

within themselves that cause the tumor cells to die. We do not expect normal brain cells to be

injured because the vector/gene combination is attracted only to rapidly growing cells. Normal cells

I'

are not rapidly growing but tumor cells are and are therefore targets for the vector/gene

combination.

Mil

s

Pretreatment Evaluation

You will be admitted to the hospital for approximately 2-4 weeks. You will have a complete

neurological and physical examination, blood, and urine tests to determine your overall physical

health. The amount of blood drawn from you will be no more than three ounces in one day and will

not exceed one pint over your stay at the hospital. You may experience some discomfort or

temporary pain at the site of the needle entry for the routine blood studies. There is remote risk of

fainting and local infection.

You will also have x-rays of your chest and head and any other areas of the body as

indicated by your medical examination and history. An electrocardiogram will be performed.

i
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Additional tests may be required depending upon your state of health and prior therapies. The

blood tests will also include a test for the HIV (AIDS) virus. Women of childbearing age will also

have a pregnancy test. Patients with HIV and pregnant women will not be eligible for this protocol.

An MRI scan of your brain will be done. MRI is designed to examine the changes in

the nervous system that occur with the recurrence of the brain tumor. MRI is a new diagnostic tool

that uses a strong magnetic field and radio waves to show structural and chemical changes in the

brain tissues. This technique has been found more sensitive than x-rays to detect a variety of

processes within the brain. In addition, MRI has the advantage of not using radiation. During the MRI

study, a needle will be placed into a vein in your arm and an image-enhancing dye, gadolinium, will

be administered through that vein before obtaining a second set of scans. Each scan takes about 60

to 90 minutes. The results of this initial MRI scan will determine the exact type of experimental

treatment that we will consider and will allow us to compare the effects of therapy by repeating the

MRI scan after we have begun the gene therapy treatments.

Procedures:

Because of the size and location of your tumor(s) it is not safe to remove the tumor(s) by open

surgery on your brain. Therefore, you will receive two procedures in the following order: (1) direct

injection of the TK cells into the brain tumor by stereotaxic surgery and (2) administration of the drug

Cytovene®.

Stereotaxic suraerv : will be performed under general anesthesia. It uses a special frame

connected to the skull with small screws. This frame holds the needle used for injection in a precise

set of coordinates to make certain that the injection(s) are inserted directly into the tumor. Then,

using an MRI scanner, the exact location and coordinates of the tumor within the brain can be

calculated by a computer to allow the stereotaxic frame, MRI and neurosurgeon to guide the needle

into the proper location(s). Under local anesthesia, the stereotaxic frame will be applied to your
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head. You will then be taken to the MRI suite for an MRI scan with the stereotaxic frame in place so

the appropriate calculations can be made for the site(s) of injection. Following the MRI study, you

will be taken to the operating room, and under general anesthesia, a small hole will be drilled in

your skull. A thin, long needle connected to the stereotaxic frame will be guided to the tumor and
y

the mouse producer cells will be slowly injected. This may be repeated at different sites in the tumor

depending on the size of the tumor. Some injections may require more than one hole in the skull.
i

The location and direction of the injection are calculated by a computer and are based on data

generated from the MRI study. The calculations are made with the intent of minimizing any potential

damage to important normal structures of the brain. Following surgery, you will be monitored in the'

Surgical Intensive Care Unit.

Cvtovene® administration: Seven days after surgery, infusions of Cytovene® will be started.

^ 1

During the administration of Cytovene® into one of your veins, you will initially be monitored in the

Surgical Intensive Care Unit. You will undergo a repeat MRI scan before Cytovene® administration

Cytovene® will be administered into a vein in a slow drip lasting one hour. The drug will be given jt

two times a day for 14 days.

Follow-up Care and Evaluation

After you will finish the course of Cytovene® you will be discharged from the hospital. Two

weeks after discharge, you will be required to return to the NIH as an outpatient for follow-up

studies. You will undergo neurological and physical examinations and laboratory tests, as were
f

performed before your surgery. An MRI scan of the brain will also be obtained. Following the initial

visit, you will be seen as an outpatient at 2 weeks intervals for 2 months and monthly for 10 months.

The number of visits after the first year will depend on the status of your tumor. We expect that we

will receive one sample of blood per year for the remainder of your life to monitor the safety of this
||

gene transfer methodology.
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Risks

Risks of MRI

Patients at risk for injury from MRI are those with pacemakers, aneurysm clips (metal clips on

the wall of a large artery), or shrapnel fragments. Welders and metal workers are also at risk for

injury because of possible metallic foreign bodies in the eye. The study is done with you lying flat in

a long metal cylinder. You will feel no pain. This may be frightening if you fear closed spaces.

Patients can be observed at all times by the operators and can be assisted if necessary. You will be

moved out of the machine if requested. The thumping sound you will hear is the radio waves

forming the images.

A small proportion of people develop short-lived reactions during the gadolinium

administration including nausea, headache, hot flashes, and heart palpitations. These symptoms

usually resolve spontaneously within minutes. A smaller group of patients are actually allergic to the

dye and may develop a rash, hives, respiratory difficulty, and in extreme cases pulmonary and

cardiac arrest and death. You will be closely monitored and if an allergic reaction develops, you will

be promptly treated with epinephrine and breathing assistance if necessary. Both therapies are

immediately available in the MRI scan suite.

Risks from Stereotaxic Procedures

The surgical risks depend on the preoperative condition of the patient, the location, and size

of the tumor. Known risks associated with stereotaxic brain surgery include hemorrhage,

deterioration of neurological functions (such as motor - weakness in the arm and/or leg, sensory -

loss of sensation over parts of your body, and cognitive functions - partial or complete loss of

functions related to communication such as speech and comprehension, and other functions related

to intellectual capacity, memory etc.), infection and death. The relative risks will be discussed with

you in accordance with your condition, specific findings and planned surgical procedures.

PATIENT IDENTIFICATION CONTINUATION SHEET for either

NIH-2514-1 (10-84)

Recombinant DNA Research, Volume 15 [
827

]



MEDICAL RECORD CONTINUATION SHEET for either:
NIH 2514-1, Consent to Participate In A Clinical Research Study
NIH 2514-2, Minor Patient's Assent to Participate In A Clinical Research Study

STUDY NUMBER CONTINUATION: page pages.

j

!|

I

Risks of the TK Gene Transfer Even though the disabled mouse viral vectors cannot grow and

are considered harmless in humans, it is possible that events could occur within the cells that would

permit the virus to grow and/or make the cells cancerous. Gene transfer using disabled mouse

viruses has been used in adult and child patients with cancer. None of the more than 15 humans .

that have received genes transferred by vectors into their cells, and followed since these

experiments started in 1989, has developed any problems related to the gene transfer method. We

believe these vectors are safe and are not a threat to other people or to society.

This is the first experiment in humans that will involve the implantation of the mouse producer

cells into the body. This method of treatment has 3 major potential problems. First, the TK gene

may be passed into surrounding normal tissue in addition to tumor tissue. We have not found any

evidence of problems in mice and rats due to the spread of vector to surrounding normal brain

tissue or to other sites in the body. We believe that some of the surrounding blood vessel cells

probably do have the TK vector, but the number is too small to result in significant adverse side

effects. It is possible that bleeding and neurologic symptoms (headache, convulsions, stroke) may
I

develop with Cytovene®. Second, the mouse cells might persist in your body and cause cancer or

f.

other diseases. We expect your immune system to reject (kill) the mouse cells in 1-2 weeks. Thus,

they should not be able to survive and grow in your body. In addition, we expect the Cytovene®
j

therapy will kill all cells with the TK vector, including the mouse producer cells. Therefore, the

mouse cells should not survive and the insertion of the vector should not result in new cancerous

cells, since we think all of the cells with the TK gene will be killed by Cytovene®. In addition, we

have not been able to induce cancers with these vectors in animals and have seen no cancers in

any of the humans treated with gene therapy. (Monkeys have been followed since 1985 and
-

humans have been followed since 1989). Therefore, we feel that the risk of developing a new

cancer is very small. A third potential problem is that because this procedure is relatively new, it is

possible that despite our extensive efforts, other unforeseen problems may occur including the
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possibility of death.

Cvtovene® Therapy

Cytovene® has been used extensively in humans to treat a number of infections including

viral infections of the eye. We will be following the recommended dose for therapy that has been

used to treat viral infections of the eye. The most commonly observed complication in people

receiving Cytovene® has been the development of decreased white blood cell and platelet counts.

This could result in an increased risk of infection and bleeding. We will monitor these counts every

other day (during Cytovene treatment) and the drug will be discontinued if the white blood count or

platelet count drop significantly. Discontinuation of the drug results in normalization of the white

blood cell and platelet numbers. Cytovene® may cause permanent or temporary infertility and may

be associated with birth defects. Therefore, women of childbearing age should use effective

contraception during Cytovene® and men should use contraception during and for at least 90 days

following Cytovene® therapy. Pregnant women are not eligible for this protocol. Cytovene® can

cause cancer in animals. There is no information available to estimate the risk of this in humans.

Durable Power of Attorney

You have an illness that at some point may impair your ability to think clearly and to make

decisions. A Durable Power of Attorney is a process by which you appoint someone to make

decisions about your medical care at the Clinical Center should you become, and only if you

become, unable to make these decisions yourself. Such people might include a husband, wife,

other family member or close friend. It is important that this person know your moral, religious and/or

personal preferences in research and medical care. The Clinical Center Durable Power of Attorney

form has no legal standing outside the NIH but helps us give you good medical care and assures

that your preferences in research and medical care are respected, if you should be unable to give

informed consent.
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A tentative agreement to an autopsy.

In case of death during or after your participation in this research study, we ask you for a tentative

agreement to an autopsy. This will provide us with an opportunity to learn more about the effect of

our treatment of your tumor.

Alternative Treatments:

You have been offered the opportunity to participate in this study, after your tumor recurred despite

appropriate standard therapies for your disease. There are no other standard treatments that were

shown to have significant effects in patients with your disease, You may or may not have received

chemotherapy for the treatment of your brain tumor. Chemotherapy is sometimes used for the

treatment of primary brain tumors, but its effect is usually considered marginal. A variety of

experimental studies for the treatment of brain tumors are conducted in medical centers around the

world, but the efficacy of their approaches is as yet unknown. In addition, there is always the

possibility for you to decline any further treatment for your disease.

.

Financial Considerations

You will not receive any payment for participation in this study.

Policy on Compensation for Injuries Related to Research

The Clinical Center will provide short-term medical care for injuries resulting from your

participating in research. Neither the Clinical Center nor the Federal Government will provide

financial compensation or long term medical treatment for such injuries, except as may be provided

through whatever remedies are normally available under law.
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Confidentiality of Data

This clinical procedure has attracted a great deal of attention from the media. We will make

every effort to protect the confidentiality of you and your family. However, because of this media

interest there is a greater risk than usual that information concerning your treatment will appear

publicly without your consent.

You are free to withdraw your consent to participate in this study at the NIH and seek care

from any physician at any time. This will involve no loss of benefits and will not penalize your care in

any way.
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MEDICAL RECORD
CONSENT TO PARTICIPATE IN A CLINICAL RESEARCH STUDY
• Adult Patient or • Parent, for Minor Patient

continuation:

page|\of [H pages

STUDY NUMBER

OTHER PERTINENT INFORMATION

1, Confidentiality. When results of a study such as this are reported in medical journals or at meetings, the identification of those taking part is withheld

! Medical records of Cim. cal Center patients are maintained according to current legal requirements, and are made available for review, as required by the

Food and Drug Administration or other authorized users, only under the guidelines established by the Federal Privacy An.

2. Policy Regarding Research-Related Injuries The Clinical Center will provide short-term medical care ? or any physical injury resulting from your

,
participation in research here Neither the Clinical Center nor the Federal government will provide long-term medical care or financial compensation for

such injuries, except as may be provided through whatever remedies are normally available under law

3 Payments. If you are a patient, you are not paid for taking part in NIH studies Exceptions for volunteers will be guided by Clinical Center policies.

4. Problems or Questions Snouid any problem, or question arise with regard to this study, with regard to your rights as a participant in clinical research, or

with regard to any research-related injury, you should contact the principal investigator Edward H. Oldfield, M.D. or these

other staff members also involved in this study; Zvi Ram, M.D. Building 1

0

,
Room 5D37 Telephone: 496~5728 . Bethesda, Maryland

. 20392

Between 5 pm and 8 am, weekends and holidays, contact the Neurology on-call physician on 496-4567

5. Consent Document it is suggested that you retain a copy of this document for your later reference and personal records.

COMPLETE APPROPRIATE ITEM BELOW, A OR B

A. Adult Patient's Consent
I have read the explanation about this

study and have been given the oppor-

tunity to discuss it and to ask questions.

I hereby consent to take part in this study.

B. Parent's Permission for Minor Patient.

I have read the explanation about this study and

have been given the opportunity to discuss it and

to ask questions. I hereby give permission for my
child to take part in this study.

(Attach NIH 2514-2, Minor's Assent, if applicable.)

Signature of Adult Patient & Date Signed

BEE5E

Signature of Parent(s) & Date Signed

(if other than parent, specify relationship)

sbbdoebbsbs

Signature of Investigator & Date Signed Signature of Witness & Date Signed

PATIENT IDENTIFICATION
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MEDICAL RECORD INFORMED CONSENT STATEMENT FOR HIV BLOOD TESTING

We request your permission to test your blood for the presence of antibodies to the Human
Immunodeficiency Virus (HIV), the virus that causes Acquired Immune Deficiency Syndrome (AIDS). In order to

perform the test, a small amount of blood (approximately 2 teaspoons) will be withdrawn from one of your
arms with a needle. You may experience some slight discomfort at the needle entry site and there may be
some bruising. In addition, there is a very small risk of your fainting or of infection at the needle entry site. If

your test results are found to be positive, or if you are otherwise diagnosed as having AIDS, you should be
aware of the following Clinical Center HIV Testing Policy:

1. Your physician will notify you promptly of the HIV test results.

2. Your physician and/or the Clinical Center HIV counselor will offer you, and any current and/or ongoing
sexual partner(s) (spouses are generally considered to be current or ongoing sexual partners) or needle-

sharing partners) you identify, information on the meaning of the test results and how to prevent the

spread of the infection.

3. Because the virus may be transmitted in several ways, it is important that you inform sexual and/or

needle-sharing partners) that any, or all, of them may have been exposed to the HIV virus and
encourage them to be tested. If you request it, staff at the Clinical Center will assist you in notifying

your partner(s) and arrange counseling for them through an HIV counselor.

4.

The results of your HIV test and/or documentation of the diagnosis of AIDS will become a part of your
Clinical Center medical record and, as such, will be protected from unauthorized disclosure by the

Federal Privacy Act of 1974. In general, access to your medical record will be restricted to those health

care professionals directly involved in your care or in the conduct of ongoing biomedical research, and
information is not usually released to other third parties without your permission or that of your
designated representative. However, there are some particular routine uses of such information of

which you should be aware.

a. If you are unwilling or unable to notify your partner(s), the Clinical Center is responsible for

attempting to contact and inform them of their possible exposure to the virus. Reasonable attempts
will be made to protect your identity including withholding your name when notifying any partner(s)

of their possible exposure. Some notification or counseling of current and/or ongoing partners may
be carried out through arrangements with, or referral to, local public health agencies.

b. A summary of your care at the Clinical Center will be sent to the physician who referred you here

for treatment.

c. The Clinical Center may report certain communicable diseases, including AIDS and symptomatic
HIV infection, to appropriate State and Federal government agencies.

If you have any questions regarding the HIV testing or the information provided above, you are encouraged to

discuss them with your physician and/or a Clinical Center HIV counselor (496-2381).

Complete Appropriate Item Below, A or B:

A. Adult Patient’s Consent: *1 have read the explanation

about the blood testing and have been given the

opportunity to discuss it and to ask questions. 1

hereby consent to take part in this blood testing.

B. Parent’s Permission for Minor Patient: 1 have read

the explanation about the blood testing and have

been given the opportunity to discuss it and to ask

questions. 1 hereby give permission for my child to

take part in this blood testing.

Signature of Parent(s) Date

Signature of Adult Patient Date

(If Other than Parent, Specify Relationship)

Signature of Witness Date Signature of Witness Date

Patient Identification INFORMED CONSENT STATEMENT FOR
HIV BLOOD TESTING
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Instructions for Using the Durable Power of Attorney (DPA)
With Clinical Center Patients

1. The DPA is a document which provides in advance for the appointment of a

surrogate decision-maker for a Clinical Center (CC) patient. In the event that the

patient becomes cognitively impaired, the surrogate will have the right to be

consulted and make decisions about the continued course of research and clinical care

at the CC.

2. The physician responsible for completing the appropriate informed consent process

shall, also, be responsible for completing the DPA, with the help of those who assist

in the admission and access of new patients to protocols.

3. This DPA form is to be used with patients who are in danger of becoming impaired

during their care at the CC, and who are capable of understanding the meaning of

appointing a surrogate decision-maker. If the patient is too impaired to understand

the DPA, consultation with the CC Bioethicist or designate is required before

appointment of a surrogate. This DPA form is not to be used in cases of serious

impairment. Refer to the Medical Administrative Series Publication #87-4, “Consent
Process in Research Involving Impaired Human Subjects,” or call the Bioethics

Program office for assistance (496-2429).

4. Before asking the patient to appoint another person to hold a DPA, the physician

should:

a) be assured that the patient understands the meaning of a DPA;

b) be assured that the patient appoints someone of his/her choice; and

c) be assured that the person to receive the DPA is willing to do so and knows the

responsibilities involved when the patient becomes too impaired to act in his/her

own interests; i.e., if the surrogate is in another location when consent is needed,

the consent documents must be read, understood and signed before consent is

valid.

5. The DPA form has an original and 4 copies. The original should be entered in the

Medical Record, after it is signed and witnessed. Copies should be given to (1) the

person who is appointed to hold the DPA, (2) Institute Clinical Director, (3) Chair,

ICRS, and (4) CC Bioethicist.

Recombinant DNA Research, Volume 15 [835]



MEDICAL RECORD DURABLE POWER OF ATTORNEY (DPA)

Power of Attorney:

Do not fill out this form unless you wish to designate someone to consent to your

participation' in research and routine clinical care in the event you become incompetent to

provide your own consent.

From
(Name of Patient)

Full Address

City' 1 State Zip

- ' : ‘ (Name of individual receiving durable power of attorney)

Full Address
’

:

" ~

City
1 - • -

• State - •
• - Zip

I (the principal) hereby

authorize 1 ; (my representative)

in the event that I become disabled or incompetent, to exercise Power of Attorney over my
person for the sole purpose of providing informed consent on my behalf for my participation

in research protocols and routine clinical care. I understand that, unless revoked by me, the

appointee shall hold the Power of Attorney for this purpose until completion of my
participation in research at the National Institutes of Health.

Executed this day of 19

Signature of patient

The signature of this witness attests that the person who signed as “patient” is the subject

of research who appointed the representative named in this document.

Signature of witness

Date

Patient Identification Durable Power of Attorney (DPA)

NIH-200 (9-87)

P.A.: 09-25-0C99

(File as Correspondence)
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Consent Form

Surgically Accessible Patients
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MEDICAL RECORD CONSENT TO PARTICIPATE IN A CLINICAL RESEARCH STUDY
• Adult Patient or • Parent, for Minor Patient

INSTITUTE: ninds

STUDY NUMBER: PRINCIPAL INVESTIGATOR: Edward H. Oldfield m.d.

STUDY TITLE: Gene Therapy for the Treatment of Brain Tumors Usinq Intra-Tu moral Transduction
with the Thymidine Kinase Gene and Intravenous Ganciclovir

INTRODUCTION

We invite you to take part in a research study at the National Institutes of Health. It is important that you read and
understand several general principles that apply to all who take part in our studies: (a) taking part in the study is entirely

voluntary; (b) personal benefit may not result from taking part in the study, but knowledge may be gained that will

benefit others; (c) you may withdraw from the study at any time without penalty or loss of any benefits to which you are

otherwise entitled. The nature of the study, the risks, inconveniences, discomforts, and other pertinent information about

the study are discussed below. You are urged to discuss any questions you have about this study with the staff members
who explain it to you.

There is no effective treatment for malignant brain tumors which recur following surgery,

radiation therapy and/or chemotherapy. Therefore, we have developed a new experimental

approach, for the treatment of recurrent brain tumors, that takes advantage of knowledge gained in

the fields of genetics and gene therapy. A virus that causes mouth sores and other types of

infections is called herpes simplex. It can be treated with a drug called Cytovene. Herpes simplex is

killed by Cytovene because the virus contains a specific gene called the herpes-thymidine kinase

gene (TK gene). The TK gene has been isolated in the laboratory and in experiments has been

injected into brain tumors in rats. This causes the brain tumor cells to be killed when the rats are

treated with Cytovene. In some of the rats treated this way, the brain tumors disappeared.

The purpose of this study is to gain information about whether or not this new approach is

effective in treating human brain tumors. Although the findings in animals are encouraging, you will

be one of the first humans to receive this investigational treatment for brain tumors. While we hope

to gain information on the usefulness of this approach in humans, we cannot know whether your

tumor will get smaller as a result of this treatment. It is possible that this treatment could make you

worse.

PATIENT IDENTIFICATION CONSENT TO PARTICIPATE IN A CLINICAL
RESEARCH STUDY
•Adult Patient or ©Parent, for Minor Patient
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What is genetic therapy for brain tumors?

We will attempt to change the genetic material of your brain tumor cells by inserting the TK

gene into the tumor cells. The way we will transport the TK gene into the tumor cells is to use a

“vehicle” to carry the TK gene into the cells. An example is that if you want to move a caboose you

need to hook it to an engine. The vehicle (or engine) in this case is another virus - a mouse virus -

that has been inactivated so that it can not cause disease. We call this vehicle a “disabled mouse

vector”. We attach the TK gene (the caboose) to the vector and it carries the gene into your brain

tumor cells. When the vector/gene combination gets into your tumor cells it inserts itself into the

cells’ genetic material (chromosomes) and tells the tumor cells to begin making thymidine kinase.

When we give you Cytovene, the tumor cells containing the TK gene make harmful substances

within themselves that cause the tumor cells to die. We do not expect normal brain cells to be

injured because the vector/gene combination is attracted only to rapidly growing cells. Normal cells

are not rapidly growing but tumor cells are and are therefore targets for the vector/gene

combination.

Pretreatment Evaluation

You will be admitted to the hospital for approximately 2-4 weeks. You will have a complete

neurological and physical examination, blood, and urine tests to determine your overall physical

health. The amount of blood drawn from you will be no more than three ounces in one day and will

not exceed one pint over your stay at the hospital. You may experience some discomfort or

temporary pain at the site of the needle entry for the routine blood studies. There is remote risk of

fainting and local infection.

You will also have x-rays of your chest and head and any other areas of the body as

indicated by your medical examination and history. An electrocardiogram will be performed.
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Additional tests may be required depending upon your state of health and prior therapies. The

blood tests will also include a test for the HIV (AIDS) virus. Women of childbearing age will also

have a pregnancy test. Patients with HIV and pregnant women will not be eligible for this protocol.

An MRI scan of your brain will be done. MRI is designed to examine the changes in

the nervous system that occur with the recurrence of the brain tumor. MRI is a new diagnostic tool
|j

that uses a strong magnetic field and radio waves to show structural and chemical changes in the

brain tissues. This technique has been found more sensitive than x-rays to detect a variety of

processes within the brain. In addition, MRI has the advantage of not using radiation. During the MRIt

study, a needle will be placed into a vein in your arm and an image-enhancing dye, gadolinium, will

be administered through that vein before obtaining a second set of scans. Each scan takes about 60
(

to 90 minutes. The results of this initial MRI scan will determine the exact type of experimental

treatment that we will consider and will allow us to compare the effects of therapy by repeating the

MRI scan after we have begun the gene therapy treatments.

Procedures:

The size and location of your tumor(s) is such that partial surgical removal is possible.

Therefore, you will undergo 3 procedures in the following order: (1) direct injection of the TK cells

into the tumor by stereotaxic surgery, (2) brain surgery to remove as much of the tumor as possible

and (3) administration of the drug Cytovene.

You will have the direct implantation of the TK-producer cells using stereotaxic surgery to help us

learn about gene transfer within the tumor and to begin gene transfer of the TK gene into the tumor.

Seven days later you will have open surgery to remove the tumor and to insert more TK producer

cells into the walls of the tumor cavity. The tumor will be taken to the laboratory for studies to

establish the number of tumor cells that contain the new gene.

ii
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Stereotaxic surgery: will be performed under general anesthesia. It uses a special frame

connected to the skull with small screws. This frame holds the needle used for injection in a precise

set of coordinates to make certain that the injection(s) are inserted directly into the tumor. Then,

using an MRI scanner, the exact location and coordinates of the tumor within the brain can be

calculated by a computer to allow the stereotaxic frame, MRI and neurosurgeon to guide the needle

into the proper location(s). Under local anesthesia, the stereotaxic frame will be applied to your

head. You will then be taken to the MRI suite for an MRI scan with the stereotaxic frame in place so

:

the appropriate calculations can be made for the site(s) of injection. Following the MRI study, you

will be taken to the operating room, and under general anesthesia, a small hole will be drilled in

your skull. A thin, long needle connected to the stereotaxic frame will be guided to the tumor and

the mouse producer cells will be slowly injected. This may be repeated at different sites in the tumor

depending on the size of the tumor. Some injections may require more than one hole in the skull.

The location and direction of the injection are calculated by a computer and are based on data

generated from the MRI study. The calculations are made with the intent of minimizing any potential

damage to important normal structures of the brain. Following surgery, you will be monitored in the

Surgical Intensive Care Unit.

I

Ij

Open surgery: Seven days later, after allowing time for the vector to insert the TK-gene into as

many tumor cells as possible, you will be taken to the operating room and, following the

administration of general anesthesia, a craniotomy (direct surgery on the brain) will be performed.

A piece of skull will be removed, the coverings of the brain will be opened and as much as safely

possible of the brain tumor will be removed. Since it is always impossible to completely remove a

recurrent brain tumor, the remaining tumor and the brain immediately surrounding the tumor will be

reinjected with the TK-producer cells during the operation. Following surgery, you will again be

monitored in the Surgical Intensive Care Unit. During the various stages of therapy, you will receive

various drugs to prevent convulsions and swelling within the brain. These drugs are used routinely

in neurosurgery and are given to almost all patients who undergo brain tumor surgery. Antibiotics

will also be given to you on each day of surgery.

.
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Cytovene® administration: Five days after open surgery, Cytovene® infusions will be started.

During the administration of Cytovene® into one of your veins, you will initially be monitored in the

II

Surgical Intensive Care Unit. You will undergo a repeat MRI scan before Cytovene® administration.

Cytovene® will be administered into a vein in a slow drip lasting one hour. The drug will be given

two times a day for 14 days.

Follow-up Care and Evaluation

After you will finish the course of Cytovene® you will be discharged from the hospital. Two

weeks after discharge, you will be required to return to the NIH as an outpatient for follow-up

studies. You will undergo neurological and physical examinations and laboratory tests, as were

performed before your surgery. An MRI scan of the brain will also be obtained. Following the initial
j

visit, you will be seen as an outpatient at 2 weeks intervals for 2 months and monthly for 1 0 months.

The number of visits after the first year will depend on the status of your tumor. We expect that we

will receive one sample of blood per year for the remainder of your life to monitor the safety of this

gene transfer methodology.

Risks

Risks of MRI

Patients at risk for injury from MRI are those with pacemakers, aneurysm clips (metal clips on

the wall of a large artery), or shrapnel fragments. Welders and metal workers are also at risk for

injury because of possible metallic foreign bodies in the eye. The study is done with you lying flat in

a long metal cylinder. You will feel no pain. This may be frightening if you fear closed spaces.

Patients can be observed at all times by the operators and can be assisted if necessary. You will be

moved out of the machine if requested. The thumping sound you will hear is the radio waves

forming the images.
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A small proportion of people develop short-lived reactions during the gadolinium

administration including nausea, headache, hot flashes, and heart palpitations. These symptoms

usually resolve spontaneously within minutes. A smaller group of patients are actually allergic to the

dye and may develop a rash, hives, respiratory difficulty, and in extreme cases pulmonary and

cardiac arrest and death. You will be closely monitored and if an allergic reaction develops, you will

be promptly treated with epinephrine and breathing assistance if necessary. Both therapies are

immediately available in the MRI scan suite.

Risks from Open and Stereotaxic Procedures

The surgical risks depend on the preoperative condition of the patient, the nature of the

operation, and the location and size of the tumor. Known risks associated with stereotaxic brain

surgery include hemorrhage, deterioration of neurological functions (such as motor - weakness in

the arm and/or leg, sensory - loss of sensation over parts of your body, and cognitive functions -

partial or complete loss of functions related to communication such as speech and comprehension,

and other functions related to intellectual capacity, memory etc.), infection and death. The relative

risks will be discussed with you in accordance with your condition, specific findings and planned

surgical procedures.

Risks of the TK Gene Transfer

Even though the disabled mouse viral vectors cannot grow and are considered

harmless in humans, it is possible that events could occur within the cells that would permit the virus

to grow and/or make the cells cancerous. Gene transfer using disabled mouse viruses has been

used in adult and child patients with cancer. None of the more than 15 humans that have received

genes transferred by vectors into their cells, and followed since these experiments started in 1 989,

has developed any problems related to the gene transfer method. We believe these vectors are

• safe and are not a threat to other people or to society.

This is the first experiment in humans that will involve the implantation of the mouse producer
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cells into the body. This method of treatment has 3 major potential problems. First, the TK gene

may be passed into surrounding normal tissue in addition to tumor tissue. We have not found any

evidence of problems in mice and rats due to the spread of vector to surrounding normal brain
!

tissue or to other sites in the body. We believe that some of the surrounding blood vessel cells

probably do have the TK vector, but the number is too small to result in significant adverse side

effects. It is possible that bleeding and neurologic symptoms (headache, convulsions, stroke) may
ij

develop with Cytovene®. Second, the mouse cells might persist in your body and cause cancer or

other diseases. We expect your immune system to reject (kill) the mouse cells in 1-2 weeks. Thus,

they should not be able to survive and grow in your body. In addition, we expect the Cytovene®

therapy will kill all cells with the TK vector, including the mouse producer cells. Therefore, the

mouse cells should not survive and the insertion of the vector should not result in new cancerous

cells, since we think all of the cells with the TK gene will be killed by Cytovene®. In addition, we

have not been able to induce cancers with these vectors in animals and have seen no cancers in

any of the humans treated with gene therapy. (Monkeys have been followed since 1985 and

humans have been followed since 1989). Therefore, we feel that the risk of developing a new

cancer is very small. A third potential problem is that because this procedure is relatively new, it is

possible that despite our extensive efforts, other unforeseen problems may occur including the

possibility of death.

'

Cytovene® Therapy
i

Cytovene® has been used extensively in humans to treat a number of infections including

viral infections of the eye. We will be following the recommended dose for therapy that has been

used to treat viral infections of the eye. The most commonly observed complication in people

receiving Cytovene® has been the development of decreased white blood cell and platelet counts.

This could result in an increased risk of infection and bleeding. We will monitor these counts every

other day (during Cytovene treatment) and the drug will be discontinued if the white blood count or
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platelet count drop significantly. Discontinuation of the drug results in normalization of the white

blood cell and platelet numbers. Cytovene® may cause permanent or temporary infertility and may

be associated with birth defects. Therefore, women of childbearing age should use effective

contraception during Cytovene® and men should use contraception during and for at least 90 days

following Cytovene® therapy. Pregnant women are not eligible for this protocol. Cytovene® can

cause cancer in animals. There is no information available to estimate the risk of this in humans.

Durable Power of Attorney

You have an illness that at some point may impair your ability to think clearly and to make

decisions. A Durable Power of Attorney is a process by which you appoint someone to make

decisions about your medical care at the Clinical Center should you become, and only if you

become, unable to make these decisions yourself. Such people might include a husband, wife,

other family member or close friend. It is important that this person know your moral, religious and/or

personal preferences in research and medical care. The Clinical Center Durable Power of Attorney

form has no legal standing outside the NIH but helps us give you good medical care and assures

that your preferences in research and medical care are respected, if you should be unable to give

informed consent.

A tentative agreement to an autopsy.

In case of death during or after your participation in this research study, we ask you for a tentative

agreement to an autopsy. This will provide us with an opportunity to learn more about the effect of

our treatment of your tumor.

I

i
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Alternative Treatments:

You have been offered the opportunity to participate in this study after your tumor recurred despite

appropriate standard therapies for your disease. There are no other standard treatments that were

shown to have significant effects in patients with your disease, You may or may not have received

chemotherapy for the treatment of your brain tumor. Chemotherapy is sometimes used for the

treatment of primary brain tumors, but its effect is usually considered marginal. A variety of

experimental studies for the treatment of brain tumors are conducted in medical centers around the

world, but the efficacy of their approaches is as yet unknown. In addition, there is always the

possibility for you to decline any further treatment for your disease.

Financial Considerations

You will not receive any payment for participation in this study.

.

Policy on Compensation for Injuries Related to Research

The Clinical Center will provide short-term medical care for injuries resulting from your

participating in research. Neither the Clinical Center nor the Federal Government will provide

financial compensation or long term medical treatment for such injuries, except as may be provided

through whatever remedies are normally available under law.

Confidentiality of Data

This clinical procedure has attracted a great deal of attention from the media. We will make

every effort to protect the confidentiality of you and your family. However, because of this media

interest there is a greater risk than usual that information concerning your treatment will appear

publicly without your consent.

You are free to withdraw your consent to participate in this study at the NIH and seek care from any

physician at any time. This will involve no loss of benefits and will not penalize your care in any way.
|
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MEDICAL RECORD
CONSENTTO PARTICIPATE IN A CLINICAL RESEARCH STUDY
• Adult Patient or • Parent, for Minor Patient

continuation:

page(\ of 14 pages

STUDY NUMBER

OTHER PERTINENT INFORMATION

1

.

Confidentiality. When results of a study such as this are reported in medical journals or at meetings, the identification of those taking part is withheld

Medical records of Clinical Center patients are maintained according to current legal requirements, and are made available for review, as required by the
j-

Food and Drug Administration or other authorized users, only under the guidelines established by the Federal Privacy Act.

2.

Policy Regarding Research-Related Injuries The Clinical Center will provide short-term medical care for any physical injury resulting from your

participation in research here Neitner the Clinical Center nor the Federal government will provide long-term medical care or financial compensation for

such injuries, except as may be provided through whatever remedies are normally available under law

3.

Payments. If you are a patient, you are not paid for taking part in NIH studies. Exceptions for volunteers will be guided by Clinical Center policies.

4.

Problems or Questions Should any problem or question arise with regard to this study, with regard to your rights as a participant in clinical research, or
j

with regard to any research-related injury, you should contact the principal investigator Edward H. Oldfield, M.D. orthese

other staff members also involved in this study; Zvi Ram, M.D« Building 10
,
Room 5D37 Telephone: A96~5 728 . Bethesda, Maryland

20892

Between 5 pm and 8 am, weekends and holidays, contact the Neurology on-call physician on 496-4567

5.

Consent Document it is suggested that you retain a copy of this document for your later reference and personal records.

COMPLETE APPROPRIATE ITEM BELOW, A OR B

A. Adult Patient's Consent
I have read the explanation about this

study and have been given the oppor-

tunity to discuss it and to ask questions.

I hereby consent to take part in this study.

Signature of Adult Patient & Date Signed

B. Parent's Permission for Minor Patient.

I have read the explanation about this study and

have been given the opportunity to discuss it and

to ask questions. I hereby give permission for my
child to take part in this study.

(Attach NIH 2514-2, Minor's Assent, if applicable.)

Signature of Parent(s) & Date Signed

(if other than parent, specify relationship)

Signature of Investigator & Date Signed Signature of Witness 8 Date Signed

PATIENT IDENTIFICATION
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MEDICAL RECORD INFORMED CONSENT STATEMENT FOR HIV BLOOD TESTING

We request your permission to test your blood for the presence of antibodies to the Human
Immunodeficiency Virus (HIV), the virus that causes Acquired Immune Deficiency Syndrome (AIDS). In order to

perform the test, a small amount of blood (approximately 2 teaspoons) will be withdrawn from one of your
arms with a needle. You may experience some slight discomfort at the needle entry site and there may be
some bruising. In addition, there is a very small risk of your fainting or of infection at the needle entry site. If

,

your test results are found to be positive, or if you are otherwise diagnosed as having AIDS, you should be
aware of the following Clinical Center HIV Testing Policy:

1. Your physician will notify you promptly of the HIV test results.

2. Your physician and/or the Clinical Center HIV counselor will offer you, and any current and/or ongoing
sexual partner(s) (spouses are generally considered to be current or ongoing sexual partners) or needle-
sharing partner(s) you identify, information on the meaning of the test results and how to prevent the
spread of the infection.

3. Because the virus may be transmitted in several ways, it is important that you inform sexual and/or
needle-sharing partner(s) that any, or all, of them may have been exposed to the HIV virus and
encourage them to be tested. If you request it, staff at the Clinical Center will assist you in notifying

your partner(s) and arrange counseling for them through an HIV counselor.

4. The results of your HIV test and/or documentation of the diagnosis of AIDS will become a part of your
Clinical Center medical record and, as such, will be protected from unauthorized disclosure by the
Federal Privacy Act of 1974. In general, access to your medical record will be restricted to those health

care professionals directly involved in your care or in the conduct of ongoing biomedical research, and
information is not usually released to other third parties without your permission or that of your
designated representative. However, there are some particular routine uses of such information of

which you should be aware.

a. If you are unwilling or unable to notify your partner(s), the Clinical Center is responsible for

attempting to contact and inform them of their possible exposure to the virus. Reasonable attempts
will be made to protect your identity including withholding your name when notifying any partner(s)

of their possible exposure. Some notification or counseling of current and/or ongoing partners may
be carried out through arrangements with, or referral to, local public health agencies.

b. A summary of your care at the Clinical Center will be sent to the physician who referred you here

\
for treatment.

c. The Clinical Center may report certain communicable diseases, including AIDS and symptomatic
HIV infection, to appropriate State and Federal government agencies.

If you have any questions regarding the HIV testing or the information provided above, you are encouraged to

discuss them with your physician and/or a Clinical Center HIV counselor (496-2381).

Complete Appropriate Item Below, A or B:

4. Adult Patient’s Consent: 'I have read the explanation
9bout the blood testing and have been given the

opportunity to discuss it and to ask questions. I

oereby consent to take part in this blood testing.

B. Parent’s Permission for Minor Patient: I have read

the explanation about the blood testing and have

been given the opportunity to discuss it and to ask
questions. I hereby give permission for my child to

take part in this blood testing.

ft;

signature of Adult Patient

Signature of Witness

Date

Date

Signature of Parent(s) Date

(If Other than Parent, Specify Relationship)

Signature of Witness Date

Recombinant DNA Research, Volume 15
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Instructions for Using the Durable Power of Attorney (DPA)
With Clinical Center Patients

1. The DPA is a document which provides in advance for the appointment of a

surrogate decision-maker for a Clinical Center (CC) patient. In the event that the

patient becomes cognitively impaired, the surrogate will have the right to be

consulted and make decisions about the continued course of research and clinical care

at the CC.

2. The physician responsible for completing the appropriate informed consent process

shall, also, be responsible for completing the DPA, with the help of those who assist

in the admission and access of new patients to protocols.

3. This DPA form is to be used with patients who are in danger of becoming impaired

during their care at the CC, and who are capable of understanding the meaning of

appointing a surrogate decision-maker. If the patient is too impaired to understand

the DPA, consultation with the CC Bioethicist or designate is required before

appointment of a surrogate. This DPA form is not to be used in cases of serious

impairment. Refer to the Medical Administrative Series Publication #87-4, “Consent

Process in Research Involving Impaired Human Subjects,” or call the Bioethics

Program office for assistance (496-2429).

4. Before asking the patient to appoint another person to hold a DPA, the physician

should:

a) be assured that the patient understands the meaning of a DPA;

b) be assured that the patient appoints someone of his/her choice; and

c) be assured that the person to receive the DPA is willing to do so and knows the

responsibilities involved when the patient becomes too impaired to act in his/her

own interests; i.e., if the surrogate is in another location when consent is needed,

the consent documents must be read, understood and signed before consent is

valid.

i

5. The DPA form has an original and 4 copies. The original should be entered in the

Medical Record, after it is signed and witnessed. Copies should be given to (1) the

person who is appointed to hold the DPA, (2) Institute Clinical Director, (3) Chair,

ICRS, and (4) CC Bioethicist. v .

f-
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MEDICAL RECORD DURABLE POWER OF ATTORNEY (DPA)

Power of Attorney:

Do not fill out this form unless you wish to designate someone to consent to your

participation' in research and routine clinical care in the event you become incompetent to

provide your own consent.

Full Address

. .
.
(Name of Patient)

City' State Zip:
;

(Name of individual receiving durable power of attorney)

Full Address
. . ....

City
1 ' ''• • •

• State - - Zip v ‘
' ’

1 (the principal) hereby

authorize (my representative)

in the event that i1 become disabled or incompetent, to exercise Power of Attorney over my

;

person for the sole purpose of providing informed consent on my behalf for my participation

in research protocols and routine clinical care. I understand that, unless revoked by me, the

appointee shall hold the Power of Attorney for this purpose until completion of my
participation in research at the National Institutes of Health.

Executed this day of _ ,
19 .

Signature of patient

The signature of this witness attests that the person who signed as “patient” is the subject

of research who appointed the representative named in this document.

Signature of witness

Date

Patient Identification Durable Power of Attorney (DPA)

NIH-200 (9-S7)

P.A.: 09-25-CC9?
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Scientific Abstract

Murine retroviral vectors can infect a wide variety of proliferating mammalian cell types (e.g.

lymphocytes). Non-proliferating tissues (e.g. neurons) are not transduced by murine retroviral

vectors. These findings suggest that this type of vector may be useful for the selective

introduction of genes into growing tumors in the brain, since the tumor is essentially the only

tissue that would integrate and express the vector genes.

We investigated the possibility of in vivo transduction of growing brain tumors with the herpes

simplex thymidine kinase (HS-tk) gene. Rats with a malignant brain tumor were given an

intratumoral stereotaxic injection of murine fibroblasts that were producing a retroviral vector

containing the herpes simplex thymidine kinase (HS-tk) gene or a control vector producer cell

line containing the (3-galactosidase gene. The animals were rested 5 days to allow time for the

HS-tk retroviral vectors that were produced in situ to transduce the neighboring proliferating

glioma. The animals were then treated with the anti-herpes drug ganciclovir (GCV). Gliomas

injected with the HS-tk producer cells regressed completely with GCV therapy while the tumors

injected with p-galactosidase producers had large tumors. Staining for p-galactosidase positive

cells in control animal brain revealed transduction of 40-80% of the tumor cells without evidence

of transduction of the surrounding normal brain tissue. No significant toxicity was observed in

toxicity studies in mice, rats and non-human primates.

Based upon these findings, we have proposed a human clinical trial to determine if the direct

injection of the GITkSvNa producer cell line into growing human brain tumors will regress with

GCV therapy. The patient population consists of individuals with recurrent malignant tumors who

survival of of these patients is limited to weeks to a few months.
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Non-technical Abstract

We have investigated the possibility of transferring a gene into a growing brain tumor. The

purpose is to make the tumor sensitive to a type of chemotherapy that is relatively non-toxic to

the rest of the body. The gene we have selected is the Herpes Simplex thymidine kinase (HS-tk)

gene. Herpes Simplex is virus that can be killed by a drug called ganciclovir. By transferring the

HS-tk gene into the tumor, using a disabled virus called a “vector”, we then essentially convert

the tumor to be like a herpes virus and now the tumor can be killed with ganciclovir.

Experiments in rats have shown that the direct injection of mouse cells producing a HS-tk vector

into a growing brain tumor can result in complete destruction of the tumor with ganciclovir

therapy. We found no evidence of spread of the virus to the normal brain tissue or to other parts

of the body. Based upon these findings, we have proposed a human clinical trial to determine if

the direct injection of the HS-tk producer cells into growing human brain tumors will regress with

GCV therapy. The patient population consists of individuals who have failed standard therapy

and have recurrent primary or metastatic brain tumors with an expected survival of weeks to a

few months.
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1 .

0

OBJECTIVES

1.1 To evaluate the relative contribution of peripheral blood
versus marrow in contributing to hematopoietic recovery
following preparative therapy of CML patients receiving
autologous transplants.

1.2 To clarify the origin of Ph+ blast cells which reappear
after transplant in those second chronic phase patients
in whom autologous cells had been stored at a time of
cytogenetic or hematological remission following
conventional dose chemotherapy used to induce the second
chronic phase from accelerated phase or blast crisis.

1.3 To analyze the hematological and cytogenetic response
following autologous transplant.

2 . 0 BACKGROUND

The use of exogenous hematopoietic reconstitution has
permitted the delivery of intensive therapy for conversion of
blast crisis to chronic phas^. This therapy is designed to
generate reinduction of chronic phase and long term disease-
free cytogenetic remissions following autologous
transplantation and allogeneic bone marrow transplantation (1-
3) . In the case of CML patients with early chronic phase
disease, the use of allogeneic bone marrow transplantation
results in 50% cures, whereas delivery of intensive therapy
during later phases of the disease results in a lower
frequency of long term disease-free survivorship (1).

The use of autologous cells collected at diagnosis which are
100% Philadelphia chromosome positive for infusion after
intensive therapy has resulted in durable cytogenetic
remissions in a small number of chronic phase patients (10-
20%) . Durable cytogenetic remissions may be possible in a
larger number of cases if the autologous cells are collected
at a time of cytogenetic remission and if interferon
maintenance therapy is used. Durable cytogenetic remissions
may also be obtained by this therapy in late chronic phase,
accelerated phase, or blast crisis patients (4-7) . The
cytogenetic conversion is presumably due to the fact that
Philadelphia chromosome positive cells are selectively
amplified at later stages of myeloid differentiation and the
ratio of normal progenitors to Philadelphia chromosome
positive cells among cells which contribute to hematopoietic
recovery after chemotherapy or transplantation is higher at
earlier stages of myeloid maturation than it is at later
stages (8)

.

In a pilot trial at this institution, the durable remissions
were increased (75%) among chronic phase, accelerated phase,
or blast crisis patients whose autologous cells were
predominantly diploid at the time of autologous stem cell
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collection (4)

.

Other investigators have shown that long term
cytogenetic remissions can be achieved in CML with autologous
stem cells after in vitro culture (5)

.

Some of these patients
have cytogenetic remissions which lasted greater than one
year. Our recent analysis of the survival of our autologous
and allogeneic transplantation patients prepared with a TBI,
VP-16, and cyclophosphamide regimen has shown that about 70%
of the chronic phase patients are surviving a year after
transplantation when transplanted in the chronic phase with
allogeneic or autologous cells. If CML accelerated phase,
blast crisis, or second chronic phase patients are prepared
similarly and then transplanted with allogeneic marrow, 65%
are alive one year following transplant, whereas only 35% of
the autologous patients are alive at one year. The treatment
mortality was 12% in 25 CML patients treated with intensive
therapy and autologous bone marrow transplantation due to
chemotherapy related complications.

In this context of long term remissions after intensive
therapy, it becomes important to determine whether the relapse
emerges from cells remaining in the infused marrow or results
from residual disease which xemains after systemic therapy
used to prepare the patient for transplantation. This
question becomes even more important to resolve and to measure
now that methods for removing or separating Philadelphia
chromosome positive cells from the autologous marrow and
peripheral blood of CML patients are available (9)

.

These
methods include immunochemical separations on the basis of DR
antigens, late myeloid antigens, surface cytoadhesion
molecules (9, 10), and potentially novel methods such as
antisense oligonucleotide therapy. One of the problems with
autologous transplantation in CML is the length of time
required for hematopoietic recovery following preparative
therapy. It has been suggested that the addition of
peripheral blood stem cells to marrow could accelerate
hematopoietic recovery. Some are reluctant to use peripheral
blood due to the fear that increased numbers of Ph+ cells will
be infused with peripheral blood stem cell preparations.

No good animal model or in vitro model exists which would
permit the resolution of the origin of relapse of blast crisis
or accelerated phase cells in accelerated or blast crisis
patients treated with intensive therapy and autologous stem
cell transplants (residual systemic disease following TBI, VP-
16, and cyclophosphamide or leukemia cells contaminating
infused autologous stem cells marrow) . In addition, there is
no way to currently measure the relative contribution of bone
marrow versus peripheral blood stem cells to the
reconstitution of patients following preparative therapy for
transplant. Recently, Anderson and Rosenberg, at the NIH (11)
have used replication incompetent retroviruses of the N2
series, first developed by A. Dusty Miller of Seattle (12),
designated GIN, to follow the fate of tumor infiltrating
lymphocytes (TIL) isolated from cancer patients and reinfused
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after expansion and vector marking ex vivo. These data, which
have been published (11), have shown that the marking of the
TIL cells with the NEO vector does not change the phenotype of
the cells, does not result in horizontal infection, and was
successful in tracking the fate of the marked cells.

Subsequent clinical investigations carried out by the NIH have
shown that the same marking vector, when carrying the
adenosinedeaminase gene (ADA) , may result in a conversion of
the phenotype of immunoincompetence to immunocompetence in
severe combined immunodeficiency patients and results in no
other adverse effects. This same series of marking vectors
has been studied in over 1500 mice, 21 primates (32 monkey
years) , and over 70 human patient months and has shown no
adverse effect. Twenty-one monkeys infused with the LNL6
marked autologous marrow have remained without problems for
2.5 to 5 years. No reverse transcriptase assays have been
positive after infusion of the marked marrow in primates or
man. Four animals, which were exposed to a replication
competent variant of the LNL6 vector, have remained negative
for N2 virus 2-3 year after exposure. No leukemias,
lymphomas, solid tumors, or other problems have been
identified as late complications in these experiments which
have utilized safety modified viruses which are replication
incompetent, involve single transductions, and are not
contaminated with replication competent before virus. The NIH
group has recently reported the occurrence of thymic lymphomas
in 3 of 11 monkeys who were infected with a virus preparation
which was purposely contaminated with a replication competent
retrovirus (see Appendix F) . All authorities agree that the
complication of lymphoma is attributable to the presence of
the proliferating helper virus and perhaps also to the
practice these workers followed of transducing the producer
cell lines used to generate the virus multiple times to raise
viral titres. The then director of the NIH, Dr. James
Wyngaarden, has concluded in an official analysis of this
issue, that the LNL6 retroviral vector poses no health hazard
and is suitable for use in human subjects as well as in
laboratory work (13, 14) (see Appendix B)

.

Our own data have indicated that 3% of the progenitors,
measurable by in vitro colony assay, after vector exposure,
contain the marking vector. Similar data has been developed
in other laboratories. We have assessed the efficiency of
transduction of the safety modified retroviruses LNL-6 and
GINA into normal and leukemic hematopoietic cells. Three to
ten percent of normal progenitor cells, which can be measured
by the existing in vitro culture assays, integrate these
viruses. Ten to thirty percent of leukemia cells integrate
these viruses. The in vitro growth of the normal and leukemia
cells is not reduced by exposure to the viruses. Our in vitro
data has suggested that the two viruses, LNL-6 and GINA, which
differs only in small stretches of neutral sequences
introduced for marking which are detectable by PCR, transduce
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normal and leukemic cells at equivalent frequencies. Other
laboratories (Malcolm Brenner's, St. Jude) have confirmed
these findings.

The work of Brenner already has suggested that the
retroviruses integrate into early progenitor cells and that in
unpurged AML patients, sufficient number of blasts are marked
so as to contribute to relapse. The NIH Recombinant DNA
Advisory Committee and the FDA also support this view.

The Recombinant DNA Advisory Committee of the NIH has approved
a protocol by Dr. Malcolm Brenner of St. Jude Children's
Hospital which is designed to test in acute myelogenous
leukemia if relapse occurring following intensive therapy and
infusion of unpurged autologous reconstitution results from
residual systemic disease or disease that is infused with the
autologous transplant. These studies have already shown that
the normal cells are marked with the GINA virus after
transplant and that at the time of relapse, that some of the
leukemia cells also contain the retroviral marker.

The present protocol is designed to resolve a related question
in second chronic phase CML patients: does the origin of
relapse involve the infused autologous cells or systemic
disease, and do the purged peripheral blood or marrow
autologous cells differ in their capability to generate normal
hematopoietic recovery or relapse after transplant? In this
study, autologous cells are collected after reinduction of the
second chronic phase. When no accelerated phase or blast
crisis phase blasts are morphologically detectable, the marrow
and peripheral blood are purged, with CD34 positive selection,
and the virus marked with a vector LNL-6 (peripheral blood)
and GINa (marrow) and stored. The autologous cells are
reinfused after intensive therapy. This program may resolve
the origin of relapse of Ph+ blast cells in patients in whom
collection of autologous cells, delivery of intensive therapy,
and autologous transplant is conducted at a time of
cytogenetic or hematological remission induced by conventional
dose therapy, and the relative contribution of marrow or
peripheral blood to the recovery of normal hematopoietic cells
after transplant.

CML is a disease in which this question can be answered more
decisively than in AML since the polymerase chain reaction
assay (PCR) ,

fluorescence in situ hybridization (FISH) , and
classical metaphase cytogenetic assays are available for
detection of the leukemic cells in CML. The M. D. Anderson
program will consist of taking 30% of a population of purged
autologous cells, which are to be used to reconstitute
hematopoiesis following TBI, VP-16, and cytoxan, exposing it
in vitro to the replication-incompetent GINa and LNL-6 neo
positive retroviral vectors, thus marking the cells in vitro,
and then returning those marked cells along with the rest of
the autologous stem cells to restore hematopoiesis after
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intensive therapy. Since the two safety modified retroviruses
are used for separately marking the peripheral blood and
marrow stem cells which differ only in a PCR detectable
difference in sequences in the virus, the relative
contribution of the marrow and peripheral blood to
hematopoietic reconstitution and to relapse can be measured.

The patients will then be followed at three weekly intervals
during and after hematopoietic reconstitution and at six
monthly intervals thereafter with PCR's for bcr-abl and the
two neo positive safety modified retroviral sequences in the
peripheral blood or marrow. This analyses will clarify the
relative contribution of the peripheral blood and marrow to
hematopoietic recovery. This will also be done at the time of
relapse with colony growth, PCR, FISH, and cytogenetic assays
of the colonies to determine if the blast cells that arise
after relapse are marked with a retroviral vector and,
therefore, arising from the infused autologous cells or
whether they arise from residual systemic disease (in this
case, no marker will be detectable) . There are four potential
results of this experiment: (1) A rare patient will have
virus positive autologous leukemia blast cells, but these will
be clonal (i.e., the vector integrating site will be clonal).
The same normal cells may have a polyclonal vector integration
site. This will indicate that the infused autologous cells
are the origin of relapse but that relapse arises from a
single cell; (2) Leukemia blast cells are positive for vector
and the vector integration site is polyclonal. Normal cells
may also have polyclonal integration sites. This will
indicate that multiple leukemia blast cells contained within
the infused autologous stem cells give rise to the relapse;
(3) Both normal and leukemia blast cells are marked with a
clonal vector integration site. This will indicate that the
disease arises from a pluripotent stem cell which is
undergoing leukemic conversion spontaneously; and (4) No
marker is seen suggesting relapse arises from systemic
disease. In cases 1 and 2, further development of purging
procedures for the autologous cells needed for transplant
would be indicated. Retroviral marking will permit us to
select either the purification of normal progenitor cells or
systemic-preparative regimens as areas in which modifications
must be made in order to achieve increased number of stable
cytogenetic remissions.

3.0 BACKGROUND DRUG INFORMATION (See Appendices C and D for
chemotherapy (cyclophosphamide and VP-16, respectively),
Appendix E for interferon, and Appendix G for the LNL-6 and
GINa viruses)

.

4.0 PATIENT ELIGIBILITY

4.1

Interferon refractory CML patients in second chronic
phase, accelerated phase or blast crisis, who are
ineligible for allografting, less than 60 years of age
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and have a life expectancy of 1 year. Patients who are
in cytogenetic or hematological remissions following
induction of second chronic phase, following blast crisis
or accelerated phase, are eligible for this study.

4.2 Patients should be off all interferon therapy for four
weeks prior to autologous storage. Prior treatment does
not disqualify a patient from eligibility.

4.3 Patients must have a performance <3 on Zubrod scale
(Appendix A), a creatinine level less than 1.6 mg%,
acceptable cardiac condition (class I or II; Appendix 2),
normal liver functions with bilirubin less than 2 mg%,
and acceptable pulmonary condition (FEV and DLCO >50% of
predicted) . Patients should be free of infections at the
time of treatment. Patients should have a LVEF >50%.

4.4 A serum creatinine less than 1.6 and an SGOT within the
normal range is required.

4.5 Patients in second chronic phase or cytogenetic remission
following reinduction c?f chronic phase after blastic
crisis or accelerated phase must have an autologous bone
marrow stored with 30% of the cells exposed to the LNL6
retrovirus, and peripheral blood exposed to the GINa
virus. Patients must sign informed consent, must not be
pregnant or lactating, and must be practicing adequate
contraception if of childbearing potential.

4.6 No patient who is unresponsive to platelet infusions will
be eligible for this study.

5 .

0

TREATMENT PLAN

5.1 General: All patients should be registered with the data
management office, Ext: 2-2926. Information pertaining
to important patient characteristics will be recorded.

5.2 Bone marrow aspiration and collection of peripheral blood
stem cells and storage: Peripheral blood and marrow is
to be stored whether they are in cytogenetic remission or
in second chronic phase. In vitro methods (CD34
selection) for reducing Ph+ cells as well as in vivo
(daunomycin, high dose ara-c, GMCSF or other equivalent
chemotherapy) methods for reducing Ph+ cells will be used
to reduce the level of Ph+ blast cells in the population
of autologous marrow cells to be used for transplant.
Purged (CD34 selected) peripheral blood and marrow cells
which have been collected following reinduction of second
chronic phase or induction of cytogenetic remissions
following treatment of accelerated phase or blastic
crisis with conventional dose chemotherapy (daunomycin,
high dose ara-c, GMCSF, or other equivalent
chemotherapy) , will be used for restoration of marrow
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function after intensive VP16, cytoxan, and total body
irradiation (DM90-064) . Multiple bone marrow aspirations
from the iliac crests will be performed before cytoxan,
VP-16 and TBI to store twice the engrafting dose of bone
marrow (2 x 108/kg nucleated cells) . A second bone
marrow storage will be considered if less than 2 x 10 8

total nucleated cells/kg were collected in the first
storage unless a back-up marrow is available. Another
criterion for adequacy of the marrow collection will be
a total of 2 x 104 CFUGM/kg. 4 x 108/kg nucleated cells
and 2 x 104 CFUGM/kg from the peripheral blood will also
be collected for reconstitution. Peripheral blood stem
cells will be collected by continuous flow centrifuge
during hematopoietic recovery (wbc 0. 3-1. 0xl03/mmr)
following daunomycin, and high dose ara-c or other
equivalent chemotherapy.

The peripheral blood and marrow will be subjected to CD34
positive selection. A total of 0.7 x 10 6 CD34 positive
cells/kg must be available. The retroviral marking will
be performed as described in Appendix G and as follows:

Thirty percent of the nucleated peripheral blood or
marrow cells remaining after purging will be incubated
with the LNL-6 or GIN vectors respectively at the time of
storage before cryopreservation. For every nucleated
peripheral blood or marrow cell obtained after Ficoll
Hypaque separation, 10 vector particles (multiplicity of
infection units) produced by Genetics Therapy, Inc. of
Gaithersburg, Maryland, as an FDA approved product for
this purpose, will be added with the nucleated cells and
incubated for six hours (see Appendix G) . The final
concentration of the cells in the vector incubation will
be lxlO 6 cells/cc. The choice of the dose of the LNL-6
vector or GIN vector (10 viral infectious units/cell) was
based on previous experience by Dr. F. Anderson and Dr.
M. Brenner with this virus. The cells will be rinsed and
a small portion (106

) cultured in a CFUGM assay and the
majority of cells will be frozen and reinfused with the
rest of the autologous marrow and peripheral blood cells.

5.3 Treatment Plan: All patients should be treated in the
Protected Environment if available.

a. The preparative ablative regimen will consist
of the following systemic chemotherapy:

Cyclophosphamide (see Appendix D) : 60 mg/kg in 0.5
liter D5W intravenously over 3 hours daily for 2

days - days 1 to 2 (total 120 mg/kg) , mesna, 10
mg/kg will be given q4h during cyclophosphamide
infusion and for 24 hours following the end of the
mesna infusion.
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VP-16 (see Appendix C) : 125 mg/m2 in 1 liter of
normal saline intravenously over 3 hours every 12
hours for 6 doses on days 1 to 3 (total 750 mg/m2

) .

The hydration given along with the VP16 and
cyclophosphamide is 4 liters every 24 hours as
tolerated. We will supplement this as necessary to
maintain intravascular fluid volume and urine
output.

Total body irradiation (TBI) is 1020 centigrays.
The patients are placed in the supine position and
the TBI is directed from the right side with a
calculated mid plane dose of 170 rads/ fraction,
each fraction even bid starting day 6 to 8.

b. Autologous peripheral blood and bone marrow will be
reinfused on day 9 after the last dose of TBI after
premedication with benadryl 25 mg and solucortef
100 mg 30 minutes before reinfusion to prevent
anaphylactic reactions.

t

c. Treatment of patients in the Protected Environment
on the 12th floor of the Lutheran Pavilion is
strongly urged.

Patients will remain there until the attainment of
500 granulocytes/mm3

.

d. Patients will receive bacterial (norflaxacin) and
fursfol/yeast (fluconazole) antibiotic prophylaxis
or other antibiotics specified by the Infectious
Disease group while hospitalized to protect
patients against overwhelming infection.

e. All blood products will be irradiated from the
start of treatment and for three months following
transplantation

.

f. Back-up marrow will be given if the total ANC is
still less than 500 at day 50.

5.4 Maintenance Therapy: Alpha interferon maintenance
therapy (see Appendix E) at a dose of l-9xl06 units three
times a week will begin after a return of the platelet
count to greater than 100,000/deciliter and an absolute
granulocyte count greater than 2,000/deciliter occurs.
This is used since it has been shown that 90% of the
patients are interferon sensitive following transplant.
The dose will be adjusted to keep WBC between 2 and 4 x
103/ul with a platelet count > 100 x 10 3/ul.

Recombinant DNA Research, Volume 15 [867]



Schema for Treatment Plan:

I. Conventional dose combination on chemotherapy.
II. Collection of peripheral blood cells between WBC of

300/mm3 and 800/mm3 as back-up for transplant.
III. Collection of autologous cells from peripheral

blood and marrow, and in vitro purging.
IV. Exposure of 30% of peripheral blood and marrow

cells to the LNL-6 and GIN viruses, respectively.
PCR for Neo and BCR-ABL will be done before and
after marking.

V. TBI, VP-16, and cytoxan therapy.
VI. Infusion of autologous peripheral blood and marrow

with PCR for BCR-ABL and Neo on thawed specimen
before infusion.

VII. PCR for Neo and BCR-ABL after ANC of 2000/mm3 is
achieved.

VIII. PCR for BCR-ABL and neo at 3 weekly intervals during
and after recovery at 6 months, and at 6 monthly
intervals for 4 years and at the time of relapse.

IX. Interferon maintenance therapy after ANC of 2000/mm3

and platelet count of 100,000/mm3
.

6.0 PRE-TREATMENT EVALUATION (SEE APPENDIX I)

6.1 A complete history and physical examination including
documentation of all measurable disease, especially
spleen and liver size, signs and symptoms, performance
status and weight loss. A dental examination is also
recommended

.

6.2 Laboratory studies include CBC, platelet count,
differential, SMA 12, liver and renal function tests,
coagulation studies (PT, PTT, Fibrinogen, FSP) , viral
serology and cytogenetics. BCR-abl analysis will be
conducted on the same samples.

6.3 Peripheral blood and bone marrow aspirate and biopsy for
morphology, pathology, cytogenetics, and PCR.

6.4 An EKG and CXR will be performed on all patients. An
echocardiogram or an MVGA will be done. A urinalysis
will also be obtained before therapy.

6.5 Pulmonary function studies with diffusion capacity will
be done.

7.0 EVALUATION DURING STUDY (SEE APPENDIX D)

7.1 CBC, platelet, differential every 1-2 days during the
initial induction.

7.2 SMA 12, lytes every three to seven days and as indicated
additionally.

[
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II

7.3 Bone marrow aspirate and biopsy for morphologic
pathology, cytogenetics, FISH, and PCR for bcr-abl and
neo should be performed at marrow recovery (when WBC
count > 2.0 K/ul)

.

7.4 Upon marrow recovery, a full work-up including CBC,
platelet count and differential, SMA 12, and marrow
studies including cytogenetics will be performed.
Studies at remission will include CBC, platelet count,
differential and SMA 12 every 1-4 weeks, marrow studies
with cytogenetics every 6 months and as indicated by
disease status.

7.5 The following will be collected before and after vector
exposure and after hematopoietic recovery and on a six
monthly basis for five years after transplant: 2 x 10 6

cells for NEO PCR, 2 x 106 blood and marrow cells for
viral PCR, 2 x 106 cells for NIH3T3 viral amplification
studies, 1 x 10 7 cells for Southerns and 10 cc of a red
top tube for Western blots for viral antibodies.

The analysis of the bone marrow with cytogenetics, PCR
for BCR-ABL and Neo along with an analysis of the sample
for actin mRNA is summarized below in the following
table.

ANALYSIS OF THE PERIPHERAL BLOOD AND BONE MARROW FOR
EVIDENCE OF VIRALLY MARKED

CELLS IN NORMAL AND
LEUKEMIC POPULATIONS

I. Analysis of peripheral blood and bone marrow before
exposure to virus.

II. Analysis of peripheral blood and bone marrow after
exposure to virus before culturing or freezing.

III. Analysis of cells after thawing and before
infusion.

IV. Analysis every three weeks during and after
hematopoietic recovery until six months and at 6

monthly intervals for an additional 4 years or
until the time of relapse.

8.0

CRITERIA FOR RESPONSE AND TOXICITY

8.1 Criteria for toxicity will be as follows: Failure of the
peripheral blood or marrow to engraft failure to achieve
and ANC of 500 by 80 days and the need to use back-up
collections of hematopoietic peripheral blood or marrow
stem cells for reconstitution. Toxicity criteria are
summarized in Appendix H.

9.0 CRITERIA FOR REMOVAL FROM STUDY

9.1 Patients whose peripheral blood or bone marrow is not
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successfully marked, or in whom failure to engraft with
the marked marrow, will be removed from the study.10.0

STATISTICAL CONSIDERATIONS

10.1 Evaluation of Origin of Relapse and Comparison of the
Contribution of Peripheral Blood cells and Marrow to
Recovery: We plan to initially study ten patients. The
accrual rate is 10 per year. Since relapsed patients are
utilized, we estimate that 80% of patients may eventually
relapse in two years. Thus, eight patients will be
available for analysis of retroviral marking. Since 5 x
104 to 5 x 106 retrovirally marked blast cells may be
infused with each marrow and peripheral blood collection,
it is probable that several of the eight patients will
produce marked cells at relapse if the cells infused are
the origin of the relapse. The LNL-6 GINa marking vector
has been approved for use in man (See Appendix B)

.

We have calculated that if 1.4xl0 10 marrow cells are
exposed to virus after a Ficoll Hypaque separation (which
results in 5 fold reduction in the number of cells to
2 . 8xl0 9

) , and if the marrow is purged which results in a
reduction of the number of cells to 5.6x10®, and if only
30% of the marrow is used for marking 1.68x10 s

), and if
the marking or transducing frequency is 3% with LNL-6 or
GIN in CML marrow, or GINa in peripheral blood and the
maximum ratio of CML blasts is one CML blast per 100
nucleated cells at a maximum, the maximum number of
marked leukemic blast cells present at storage will be
5xl04

. The ratio of marked leukemia cells to the total
number of cells frozen (5x10®) is 1 in 10,000. This
ratio is clearly consistent with detection of NEO by PCR
at the time of storage by PCR, and clearly will be
adequate at the time of relapse since the growth of the
leukemia cells, if relapse arises from the marrow, will
be greater and therefore easily detected by PCR.

At the time of relapse, the ratio of marked leukemia
blasts/total unmarked cells will be higher. The presence
of a total of 5xl04 marked leukemia blast cells in the
autologous cells infused after TBI, VP16, and cytoxan is
clearly sufficient to generate a polyclonal relapse if
relapse occurs from the infused cells. These
considerations suggest that a pilot trial be conducted
with at least 10 patients to test if relapse occurs from
infused autologous cells or from the residual disease
present systemically.

10.2 The difference in the percentage of cells positive for
each of the two safety modified viruses used for the
peripheral blood or marrow cells in the marrow after
transplant and at 6 monthly intervals following
transplant will be used to measure the relative
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contribution of the purged peripheral blood or marrow
cells to hematopoietic recovery by the normal stem cells.
Differences will be analyzed by the students T test to
determine if a statistically significant difference
exists between the frequency by the two viruses after
transplants.

10.3 Stopping Rules: If three successive patients have
treatment deaths due to failure to engraft, delayed
hematopoietic recovery, or any treatment related cause,
the trial will be stopped.

10.4 Reporting requirements: All adverse outcomes will be
reported to the RAC, the FDA, and the NCI.
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The University of Texas
M.D. ANDERSON CANCER CENTER

INFORMED CONSENT

PROTOCOL TITLE: Use of Retroviral Markers to Test Relative
Contribution of Marrow and Peripheral Blood
Autologous Cells to Recovery after Preparative
Therapy

1
.

.

Participant’s Name I . D . Number

You have the right to know about the procedures that are to be used
in your participation in clinical research so as to afford you an
opportunity to make the decision whether or not to undergo the
procedure after knowing the risks and hazards involved. This
disclosure is not meant to frighten or alarm you; it is simply an
effort to make you better informed so you may give or withhold your
consent to participate in clinical research. This informed consent
does not supersede other informed consents you may have signed.

DESCRIPTION OF RESEARCH

2. PURPOSE OF STUDY: This is a clinical research study with the
following purpose: To genetically mark peripheral blood and
marrow cells in order to identify the origin of relapse which
may eventually occur following restoration of marrow function
with autologous cells (the patient's own cells) after high
doses of cyclophosphamide, VP-16, and total body irradiation
and to determine the relative contribution of marrow and
peripheral blood cells to hematopoietic recovery after
transplantation. This program will also determine the types
of failure which may occur in this therapy (failure to
eradicate disease and failure to recover marrow function)

.

3. DESCRIPTION OF RESEARCH: A decision has been made to undergo
a course of intensive therapy followed by infusion of
autologous peripheral blood and marrow cells (the patient's
own) . Although the use of intensive therapy has been
associated with long term remission in some patients, relapse
may occur in many cases. It is not yet known if the source of
the leukemia cells which give rise to the relapse is from
leukemia cells remaining in autologous peripheral blood and
marrow (the patient's own) used for transplantation after
therapy, or from leukemia cells which remain in the body after
chemotherapy and irradiation. To answer this question, the
cells stored from the peripheral blood and marrow for
transplantation may first be cleansed of leukemia cells, then
30% of these cells will be genetically marked so as to
determine if the relapse arises from the autologous peripheral
blood or marrow or from cells left in the body after therapy.
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This will help determine the best way to reduce the chance of
relapse: increased intensity of systemic therapy versus more
extensive cleansing procedures for the peripheral blood or
marrow.

These cleansed and marked peripheral blood and marrow cells
will be used to restore normal marrow function after intensive
therapy. Bone marrow will be taken (about two quarts) from
the pelvis and possible sternum under general anesthesia. A
small amount of extra blood (one tablespoon full) may be
removed for studies after the transplant to follow the marking
procedure, but this will not require additional venipunctures
over and above that which is already required to follow
transplant recovery. Peripheral blood cells will be removed
from the peripheral blood by a machine called a cell
separator. Thirty percent of the stored marrow cells will be
mixed with a specially engineered mouse virus which cannot
cause an infection in the body. This virus will mark cells
with a bacterial gene that makes it possible to find these
cells. This "marked" marrow will be added to the rest of the
marrow and returned to the circulation after intensive
therapy. A second mouse v;Lrus will be used to mark the
peripheral blood the same way.

The therapy will be given during the transplant and in the
event of relapse would be the same as if the patient had not
been given the marrow marked with the virus. Ten patients
will participate in this clinical research study.

4. RISKS, SIDE EFFECTS AND DISCOMFORTS TO PARTICIPANTS:

Extensive study of this virus marking procedure has been
undertaken in mice and monkeys. This virus and another like
it are currently being studied at other institutions. No
adverse effects have been observed in all of this study

.
because the virus is modified so that it cannot cause an
infection in the cells of the body. It only marks a small
number of blood cells in the autologous marrow.

Risks, however, which may not yet have been observed, are
possible. These are "theoretical risks" since they have not
yet been seen. It is possible that the virus could change the
cells which are marked so as to grow in an abnormal pattern,
and even cause cancer or leukemia. This risk is much lower
than damage to the cells by chemotherapy and irradiation. The
marker might also produce a protein which might inactivate
certain antibiotics but alternative antibiotics are available
so that this does not constitute a risk or threat for patients
during therapy.

4a. This clinical research may involve unforeseeable risks to
the participant during treatment. To help prevent injury
to unborn children, upon recommendation by the attending
physician, the participants should practice adequate
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methods of birth control throughout the period of their
involvement in this clinical research study.

5. POTENTIAL BENEFITS: The use of the marked cells to identify
the sources of relapse may be of benefit to patients on future
protocols but this research will not be of immediate benefit
to patients currently entering this trial. The major benefit
is to patients in the future who are participating in this
study. The evaluation of the contribution of the peripheral
blood versus the bone marrow will help in the design of the
bone marrow and peripheral blood.

6. ALTERNATE PROCEDURES OR TREATMENTS: Participation in this
marking study is totally optional and the treatment on
autologous transplant protocols may be carried out whether or
not patients participate in the marking study. The patient
may decline to have marking but still have the bone marrow or
peripheral blood transplant of his or her own cells.

UNDERSTANDING OF PARTICIPANTS

7. I have been given an oppprtunity to ask any questions
concerning the investigational regimen involved and the
investigator has willingly replied to my inquiries. This
investigational treatment program will be administered under
the above numbered, titled and described clinical research
protocol at this institution. I hereby authorize Dr.

, the attending physician/ investigator and
designated associates to administer this investigational
treatment program.

8. I have been told and understand that my participation is
voluntary. I may decide not to participate, or withdraw my
consent and discontinue my participation at any time. Such
action will be without prejudice and there shall be no penalty
or loss of benefits to which I may otherwise be entitled, and
I will continue to receive treatment by my physician at this
institution.

Should I decide not to participate or withdraw my consent from
participation in this clinical research, I have been advised
that I should discuss the consequences or effects of my
decision with my physician.

In addition, I understand that the investigator may
discontinue the clinical research study if, in the sole
opinion and discretion of the investigator, the study or
treatment offers me little or no future benefit, or the supply
of medication ceases to be available or other causes prevent
continuation of the clinical research study. The investigator
will notify me should such circumstances arise and my
physician will advise me about available treatment which may
be of benefit at that time.
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I will be informed of any new findings developed during the
course of this clinical research study, which may relate to my
willingness to continue participation in the study.

9.

I have been assured that confidentiality will be preserved
except that qualified monitors from the Food and Drug
Administration and the National Cancer Institute may review my
records where appropriate and necessary. Qualified monitors
shall include assignees authorized by the Surveillance
Committee of this institution provided that confidentiality is
assured and preserved. My name will not be revealed in any
reports or publications resulting from this study, without my
expressed consent.

10.

I have been informed that should I suffer any injury as a
result of participation in this research activity, reasonable
medical facilities are available at this institution. I
understand, however, that I cannot expect to receive any
credit or reimbursement for expenses from this institution or
any financial compensation from this institution for such
injury.

11.

I have been informed that I should inquire of the attending
physician whether or not there are any services,
investigational agents or devices, and/or medications being
offered by the sponsor of the clinical research project at a
reduced cost or without cost. Should the investigational
agent become commercially available during the course of the
study, I understand that I may be required to cover the cost
of subsequent doses.

Costs related to my medical care including expensive tests or
procedures that may be specifically required by this clinical
research study shall not be my responsibility. I have been
given the opportunity to discuss the expenses or costs
associated with my participation in this research activity.

13. I understand that practicing effective contraception is
medically necessary and a prerequisite for my participation in
this clinical research study. Should contraception be
interrupted or if there is any suspicion of pregnancy, my
participation in this clinical research study will be
terminated at the sole discretion of the investigator.

14. I may discuss questions or problems during or after this study
with Dr. Albert Deisseroth at (713) 792-8750. In addition, I

may discuss any problems I may have or any questions regarding
my rights during or after this study with the Chairman of the
Surveillance Committee at (713) 792-3220 and may in the event
any problem arises during this clinical research contact the
parties named above.
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CONSENT

Based on the above, I consent to participate in the research and
have received a copy of the consent form.

DATE SIGNATURE OF PARTICIPANT

WITNESS OTHER THAN PHYSICIAN SIGNATURE OF PERSON RESPONSIBLE
OR INVESTIGATOR AND RELATIONSHIP

I have discussed this clinical research study with the participant
and/or his or her authorized representative, using a language which
is understandable and appropriate. I believe that I have fully
informed this participant of the nature of this study and its
possible benefits and risks, and I believe that the participant
understood this explanation.

PHYSICIAN/INVESTIGATOR
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Appendix C

SCIENTIFIC ABSTRACT

Replication incompetent, recombination incompetent retroviral
vectors (GINa and LNL6) will be used to mark autologous peripheral
blood and marrow cells removed and stored at the time of
cytogenetic remission or re-induction of chronic phase in
Philadelphia chromosome positive CML patients who have developed
blast crisis or accelerated phase and have been reinduced into
chronic phase following Daunomycin, high-dose Ara-C, and GM-CSF
therapy. This study will also compare the relative efficiency of
the peripheral blood and marrow to generate hematopoietic recovery
after transplantation. We estimate that between 0.6 and 2 x 106

CD34 positive cells/kg will be infused and that between 600 and
2000 leukemia cells will be marked with NEO in the autologous cells
used for transplant. It is not known how many CML blastic leukemia
cells are present in the systemic circulation following induction
of the chronic phase or a cytogenetic remission by Daunomycin,
high-dose Ara-C, and GM-CSF, but a significant number of patients
are in cytogenetic remission (7)

.

We will look for the number of
NEO-marked cells using a methylcellulose late progenitor colony
culture system and a PCR assay for the NEO gene used previously
(5) . In the CML cells under analysis, the percent of these NEO-
marked cells which are leukemic can be determined by a PCR assay
for the bcr-abl mRNA positive CML cells (5)

.

These studies will
clarify if relapse arises from the leukemic CML blast cells present
in the autologous cells infused after TBI , VP-16, and cytoxan (if
polyclonal CML NEO-marked blastic cells appear at the time of
relapse) , or if residual systemic disease contributes to relapse
(if none of the CML leukemic blasts at the time of relapse contain
the NEO gene) . These studies will help us evaluate purging and
selection of peripheral blood or marrow as a source of stem cells
for transplant.
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Appendix D

NON-TECHNICAL ABSTRACT :

Autologous bone marrow transplantation is a technique which
makes safe the very high doses of chemotherapy and radiation which
are required to eradicate some populations of leukemia cells. The
marrow is removed from the hip bones of the patient at the time of
remission and stored induced by conventional dose chemotherapy, and
re-infused into the patient after intensive therapy in order to
restore marrow function. Peripheral blood will also be used for
the restoration of hematopoietic function following bone marrow
transplantation. We will compare peripheral blood with marrow with
respect to their ability to promote hematopoietic recovery. It is
impossible to determine if relapse arises from residual leukemia
cells infused with the autologous stem cells or if residual
leukemia cells present in systemic circulation after intensive
therapy contribute to the relapse. Molecules called "marking
vectors" can be used to resolve this question, and to compare the
relative contribution of the peripheral blood with the marrow which
contribute to hematopoietic recovery of normal cells. A portion of
the bone marrow and peripheral blood cells stored from patients
will be incubated with the marking vector. This vector will
introduce a new genetic marker into these leukemia cells. If the
leukemia cells appearing at relapse contain the marker, then the
relapse arose from cells infused with the autologous
transplantation. If this is the case, more thorough procedures
must be undertaken to cleanse the marrow of leukemia cells. If no
markers appear at the time of relapse in the leukemia cells, then
the relapse arose from the systemic circulation. In this case, the
therapy used to eradicate leukemia from the circulation before
transplant must be intensified. In this study, marking molecules,
called LNL6 and GINa , will be used to tag the leukemic blast cells
of each patient infused to regenerate marrow function after
intensive therapy. The vectors LNL6 and GINa will also be used to
tag the normal marrow and peripheral blood cells respectively. The
results of this study will be used to improve the therapy given to
patients. It is not designed to benefit the patients themselves.
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1.0 OBJECTIVE

To immunize HLA-A2-positive melanoma patients with HLA-A2 matched

allogeneic melanoma cells that have been altered to secrete interleukin-2. The

following will be evaluated:

1.1 Toxicity of immunization

1.2 Evidence for induction of humoral and cellular immunity

1 . 3 Anti-tumor effects

2.0

BACKGROUND

2.1 Malignant melanoma .

Annually more than 32,000 cases of melanoma are diagnosed in the United

States, resulting in greater than 8000 deaths (3). Current systemic therapy for

metastatic melanoma is inadequate. Dacarbazine (DTIC) is the most active single

chemotherapeutic agent and is widely employed in the treatment of patients with

metastatic disease, with response proportions ranging from 14-20% (4-8).

Clinically meaningful regression of visceral metastases is uncommon. The

nitrosoureas have also been used with equally disappointing results (4-8).

Combination chemotherapy has not clearly improved the response proportion

observed with single agent therapy, and has greater toxicity (6-8).

The failure of conventional chemotherapeutic agents to impact on the treatment

of metastatic melanoma has prompted the use of biological response modifiers in

clinical trials. Studies have used interleukin-2 (IL-2) with or without LAK cells

(1,2), interferon (9), and monoclonal antibodies (10), with response proportions

ranging from 19-23%. These response proportions are modest in current

treatment regimens employed, with sometimes considerable toxicity.

2.2 Vaccination Studies

Every decade since the turn of the century has seen efforts to develop cancer

vaccines, and these have taken the form of autologous or allogeneic fresh tumor

tissues, cultured tumor cells, or tumor cells modified by chemicals, enzymes or

viral infection. Malignant melanoma has been the leading type of cancer by far in

[
888]
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these studies. In general, these trials did not produce convincing evidence of

therapeutic efficacy when they were appropriately controlled (45).

The testing of human cancer vaccines involves uncertainties ranging from

appropriate type, dose, route, and frequency of vaccine to suitable patient

selection and evaluation of clinical response. Given the array of variables, a

sequential analysis of effectiveness, if it were evaluated on clinical tumor

response alone, would be extremely time consuming. What is required for the

development of an immunogenic cancer vaccine are methods to assess

effectiveness that are both rapid and objective and that guide the step-by-step

process of vaccine construction and testing. With regard to vaccines against

infectious diseases, serologic responses to bacterial and viral antigens have been

an essential step in their development. The lack of comparable tests of humoral

and cellular immunity to monitor the immunogenicity of cancer vaccines in

humans has been a major impediment to investigating this approach to cancer

therapy.

Beginning with the 1970’s, attempts were made by many groups to demonstrate a

specific immune response to vaccination in patients receiving cancer vaccines.

Most of these studies were done in patients with melanoma, and involved tests

for delayed cutaneous hypersensitivity, lymphocyte cytotoxicity, lymphocyte

migration inhibition, and a variety of serologic assays. Because of the difficulties

that were encountered in the analysis of the specificity of allogeneic reactions (in

most cases the sera or lymphocytes tested and the melanoma cells used for

vaccine construction or target cell preparation did not come from the same

patient), those studies did not provide unequivocal evidence of a tumor specific

immune response to vaccines (45).

A clearer picture emerged when the analysis was restricted to autologous

serologic reactions. Although this approach depended on establishing tumor cell

lines from each patient to be studied, the testing of autologous combinations of

tumor cells and sera eliminated the confusing reactions to normal allogeneic cell-

surface antigens. Autologous typing defined three classes of surface antigens on

melanoma cells. Class I antigens are restricted to the autologous tumor. Class II

antigens are shared tumor antigens that are found on autologous as well as

allogeneic tumor cells; some class II antigens are found on a restricted set of

normal cell types and therefore, can be considered autoantigenic differentiation

antigens. Class III antigens are widely distributed on malignant as well as normal

cells (46). With the development of autologous typing systems for defining cell-

surface antigens of melanomas, serologic tests of requisite sensitivity and

specificity were available that could be used to gauge the immunogenicity of

melanoma vaccines. A series of trials with vaccine containing class I or II

melanoma antigens showed, however, that an antibody response to the relevant

class I or II melanoma antigens were induced by vaccination only in exceptional
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cases, although there was no lack of a humoral immune response to other vaccine

components (47). Speculation regarding the reasons for the difficulties

encountered in these attempts to induce an antibody response to class I or class II

melanoma antigens spawned a range of possibilities including insufficient

sensitivity of serologic tests, unfavorable antigen presentation in the vaccines,

genetic restriction of reactivity with melanoma antigens, and suppression of

antibody production by suppressor cells or anti-idiotypic antibodies.

With the advent of hybridoma technology, a number of proteins, glycoproteins,

and glycopeptides were identified as cell-surface constituents of human melanoma

and candidates for vaccine construction. Prominent among them are the

gangliosides GM2, GD2, and GD3. Vaccines containing purified GM2 have been

shown to elicit production of GM2 antibodies in patients with melanoma (48, 49)

when administered with BCG as adjuvant after pre-treatment with low dose

cyclophosphamide to counteract suppressor activity.

Cellular immunity to cancer antigens, as opposed to humoral immunity, has been

of much interest ever since it was shown in the early 1960’s that specific

immunity to challenge with chemically induced sarcomas can be transferred in

the mouse with lymphocytes from immunized donors, but not serum. Defining

the specificity of cellular immune reactions to cancer has been far more difficult

than defining the specificity of humoral immune reactions to cancer antigens. To
this regard, the discovery of the T cell growth factor, interleukin-2, which

permits culture and cloning of T lymphocytes, has been a major step forward and

opened a new era in the study of T cell immunity. Cytotoxic T lymphocyte

clones with restricted reactivity for autologous melanoma have been isolated from

the blood of patients in several laboratories, and similar results were obtained in

studies of clones derived from tumor-infiltrated-lymphocytes (TIL) (50). In some

cases these clones have shown exquisite specificity for autologous melanoma

(45). In some instances, the presenting MHC molecules could be identified as

class I molecules by inhibition of lysis with antibodies directed against HLA
determinants. In the case of the melanoma cell line SK-MEL-29 (patient AV
from reference 29), established at this institution, at least those antigens are

recognized by autologous and cytotoxic T cell clones in association with HLA-A2
(51).

Both HLA-A2 and HLA-A1 have been identified as restriction elements in other

melanomas and also sarcomas (52). HLA-A2 expressed on human melanoma

cells has been shown to present shared melanoma antigens recognized by T cells

derived from peripheral blood, regional lymph node and tumor infiltrates. Thus,

HLA-A2 is capable of presenting antigens that are shared among melanoma cells,

but not apparently expressed by several other cell types. The outstanding

challenge confronting the field of cellular immunity is the structural definition of

the targets recognized by cytotoxic cells on human tumor cells. A major advance
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in this area has been the cloning of the gene that encodes a mouse tumor antigen

recognized by cytotoxic T cells and the identification of its mutation (53). The

same approach is now being applied to human melanoma, and a gene encoding

an antigen recognized by cytolytic T cells on a human melanoma has been

identified. In this case, the antigen appears to be presented by HLA-A1 (57).

2.3

Biologic effects in vitro of Interleukin-2

Interleukin-2 is a lymphokine that is produced by T helper cells and stimulates T
cells, B cells and natural killer (NK) cells. In vitro studies, IL-2 has been shown

to induce proliferation of antigen-specific T cells. Helper, cytotoxic, and

suppressor T cells from melanoma patients have been grown in vitro by culturing

in the presence of IL-2 and antigen-presenting cells (21). B cell responses in

vitro have also been enhanced by IL-2 (22). Growth of T cells in IL-2 can also

lead to secretion by T cells of other lymphokines, including interferon-7 ,
IL-1,

IL-4, IL-6
,
GM-CSF and TNF-a.

2.4 Interleukin-2 in Human Studies

A number of investigators have studied the systemic administration of IL-2

patients with advanced cancer (11-13). Systemic IL-2 has shown modest activity

in patients with advanced melanoma and other tumors, with a 15-20% response

rate reported (12). The major effect of IL-2 appears to be the expansion of

effector cell populations that have the capability to kill the tumors in vitro.

However, because of the short serum half-life of IL-2, high doses have been used

that are very toxic. Hypotension and capillary leak syndrome with decreased

systemic vascular resistance has led to interstitial pulmonary edema, prerenal

azotemia, cardiac arrhythmias, and myocardial infarction (11-13).

2.5 Gene Transfer in Animal Models

Several laboratories have shown that the introduction of cytokine genes, such as

IL-2(14,16), IL-4 (31), IFN-7 (32,15), TNF-a (33) and GM-CSF (34) into tumor

cells leads to their rejection by an immunologically competent host in specific

animal model systems. Secretion of GM-CSF or IL-4 by tumor cells has led to

localized inflammatory responses at the tumor site without apparent induction of

immunological memory (31,34). Initial studies by Tepper et al (31) demonstrated

that localized IL-4 secretion at the tumor site was characterized by an

accumulation of eosinophiles and macrophages. IL-2, interferon-7 ,
and TNF-a

on the other hand have induced long lasting cellular immune responses that led to

rejection of potentially lethal tumor challenges at later time points (15,31,32).

Fearon et al (16) introduced the IL-2 gene into a poorly immunogenic murine

colon carcinoma. The IL-2-secreting tumors were rejected, and subsequently

induced an effective cytolytic T cell response. Depletion of CD8-positive cells in
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vivo abrogated the cellular antitumor response, implicating a pivotal role for

Class I MHC restricted CD8-positive cells.

To approximate more closely a physiologic mode of cytokine secretion generated

in the course of an immune response, the IL-2 gene was directly introduced into

a murine fibrosarcoma cell line (CMS5). In this way a localized secretion of low

levels of cytokine was achieved that led to the regression of injected tumor cells

(14,16). When control mice were challenged by tumor, they died within 45 days.

Mice challenged with IL-2 secreting tumor cells rejected implanted tumor cells

and were cured. These mice developed specific immunological memory.

Rechallenge with potentially lethal doses of CMS5 parental tumor cells after

several months led to tumor rejection, while an unrelated tumor grew and killed

immune mice, demonstrating the specificity of the response. Lymphocytes taken

from spleens of immune animals were capable of killing the tumor in vitro

throughout the life span of mice. Of note, only weak cytolytic responses were

generated against CMS5 tumor cells after challenge with parental tumor cells;

these responses were transient and disappeared within three weeks after tumor

implantation. However, mice injected with IL-2 secreting tumor cells generated

tumor specific cytolytic activity that lasted more than 75 days.

Rosenberg et al (unpublished data) have reproduced these results in the poorly

immunogenic tumor MCA- 102. Despite many attempts, they were never able to

generate a cellular antitumor response using unmodified tumor cells. Introduction

of the IL-2 gene into these cells increased their immunogenicity to a level which

generated tumor rejection and memory. In addition, co-injection of IL-2

producing tumor cells with unmodified, parental tumor cells produced an immune
response strong enough to reject not only the lymphokine secreting tumor cells

but also unmodified tumor cells.

The mastocytoma cell line P815 was transfected with the murine IL-2 gene.

Injection into mice led to tumor rejection. Analysis of the cellular immune
response demonstrated that the frequency of CTL precursors and CTLs specific

for P815 increased 2-4 fold as a result of IL-2 secretion by the tumor cells (58).

At MSKCC the IL-2 effect was seen in different mouse tumor types, including

B16 melanoma, 38C13 B cell lymphoma, and bladder carcinoma MBT2. Toxicity

related to IL-2 has not been observed in any of the animals challenged with IL-2

secreting tumor cells. Additional experiments using irradiated, IL-2 secreting

CMS5 cells have demonstrated that there was no difference in their ability to

induce immunological memory in vivo as compared to non-irradiated IL-2

secreting tumor cells (see Appendix F).
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In summary, the introduction and constitutive expression of IL-2 by tumor cells

themselves has increased the immunogenicity of a variety of histologically

different cancers. It appears from these studies that the localized, persistent

expression and secretion of low levels of IL-2 may have an impact on the host

anti-tumor response in the absence of any detectable toxicity.

2.6 Gene transfer in Humans

Most recently, Rosenberg et al have taken genetically altered autologous tumor

infiltrating lymphocytes and injected them into patients with refractory metastatic

tumors (17). A retroviral vector containing the neomycin-resistance gene was

introduced into autologous lymphocytes in order to monitor cells reinfused into

patients. Of five patients reported, cells from four were successfully grown in

tissue cultures with G418, a neomycin analogue. These cells that showed

neomycin resistance were given intravenously to patients along with systemic IL-

2. Peripheral blood was recovered periodically and circulating mononuclear cells

with neomycin resistance were detected. There were no additional toxicides seen

as a result of the genetic alteration. No intact virus was recovered from any

patient. Rosenberg concluded that this procedure was both feasible and safe (17).

Prior safety studies have shown that exposure of primates to large infusion of

infectious murine amphotrophic virus produces no acute pathologic effects (37).

Twenty one primates transplanted with retroviral gene-modified bone marrow

showed no evidence of toxicity related to the gene transfer as long as five years

after infusion (35). The first adenosine deaminase-deficient patient with Severe

Combined Immunodeficiency (SCID) underwent successful retroviral mediated

adenosine deaminase gene transfer approximately one year ago at the NCI (35).

So far, investigators observed partial reconstitution of cellular immune function

after infusion without any detectable adverse effects on the patient.

To investigate whether findings from the murine system could be extended,

human tumor cell lines have been infected with cytokine genes using retroviral

vectors. To date, the human IL-2 gene, human IFN-7 gene and the human
epidermal growth factor gene have all been successfully transduced into a variety

of human cell lines at MSKCC. In collaboration with Dr. Ray Taetle (University

of Arizona), the epidermal growth factor receptor gene has been introduced into

the Burkitts lymphoma cell line, Namalwa; the receptor was shown to be

expressed on the cell surface and fully functional (36). Stimulation of these

transduced cells with the epidermal growth factor led to the appropriate binding

of ligand and signal transduction (36). In addition, the IL-2 or the EFN-7 gene

have been introduced and expressed in primary and established human melanoma

cell lines. These genetically modified human melanoma cells secreted

constitutively up to 40 U/ml recombinant IL-2 into the supernatant. Constitutive

IFN-7 expression led to upregulation of MHC class I and class II antigens on the
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cell surface of melanoma cells. Injection of the IL-2 secreting tumor cells into

nude mice led to tumor rejection while unmodified parental cells were not

rejected. Irradiation of the genetically altered melanoma does not immediately

abrogate IL-2 secretion (see appendix F). IL-2 was continuously secreted for 2-3

weeks after lethal irradiation in amounts comparable to non-irradiated transduced

cells.

2.7 Rationale

We propose to study whether immunization with allogeneic melanoma

cells expressing a recombinant human IL-2 gene can be well tolerated

without evident toxicity. There is substantial experience at MSKCC and at

other institutions that has established the general safety of immunization

using irradiated allogeneic tumor cells. The choice of allogeneic HLA-A2-
positive tumor cells is based on two considerations. First, the use of a

single established immunizing cell line bypasses the necessity to infect

autologous tumor cells for each patient. Growing autologous tumor cells

in tissue culture can be a difficult and time-consuming procedure. Since

approximately 40% of North Americans are HLA-A2 positive, a tumor

vaccine produced from HLA-A2 matched melanoma cell lines could be

used in a substantial subpopulation of melanoma patients. Preclinical

studies have been performed with a single cell line, SK-MEL-29. This

cell line expresses a number of restricted melanocyte differentiation

antigens, as determined by typing with monoclonal antibodies, and class II

MHC antigens. In addition, SK-MEL-29 was derived from a patient (AV)

with extensive stage III melanoma who was shown to have cytotoxic

CD8-positive T cells in his peripheral blood that lysed autologous tumor

in an HLA-A2 restricted fashion (22,23) (see Sections 2.2 and 2.8).

Despite extensive and recurrent melanoma, patient AV is alive and free of

disease more than 15 years after his initial treatment. Second, there is

substantial evidence that melanoma cells can present restricted shared

antigens (i.e. antigens expressed by autologous and allogeneic melanoma

tumors but not certain non-melanoma cell types) to autologous T cells.

The protocol will be restricted to patients who are HLA-A2 positive.

Third, there is evidence that IL-2 secretion by tumor cells increases the

frequency of tumor specific cytotoxic precursors and CTL’s (58).

2.8 Melanoma Cell Line

A well characterized and established melanoma cell line, SK-MEL-29, has

been used for expression of IL-2. SK-MEL-29 is a well characterized

melanoma cell line that is known to express a number of melanocyte

differentiation and gangliosides antigens (51, 55). SK-MEL-29 was
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established from a patient, AV, in 1975 from regional lymph node

metastases (see reference 29). Patient AV originally was diagnosed with

melanoma Clark’s level IV of the anterior chest wall in 1974 at age 18. In

March 1975, melanoma recurred in multiple left axillary lymph nodes

with deep invasion into soft tissue. This disease was resected and he

received experimental adjuvant immunotherapy with Corynebacteria

parvum. In August 1975, disease recurred in the left supraclavicular and

infraclavicular area. He had surgical resection and started vaccine

treatment with irradiated autologous melanoma cells and BCG adjuvant.

In December 1975, the patient had a third recurrence of tumors in the left

neck with invasion of the axillary vein and brachial plexus. He was
treated with surgical resection followed by radiation therapy, then

dacarbazine adjuvant chemotherapy in 1976-1977. In 1977, he restarted

vaccination with autologous tumor cells and BCG. He developed a

recurrent melanoma in the left neck in February 1978 that was resected.

The vaccine was continued up to 1980. As of 1991, he has had no further

recurrence of melanoma. CD8-positive T cells were derived from

peripheral blood after vaccination that efficiently lysed autologous SK-

MEL-29 tumor cells in an HLA-A2 restricted fashion, and have been

extensively reported by Knuth and colleagues (52,56).

The SK-MEL-29 melanoma cell line has been infected with the retroviral

vector, NAP-AD/IL-2 (see Appendix C for construction). Southern

blotting demonstrated appropriate integration of the provirus into the host

chromosomes. Additional studies revealed this cell line to be mycoplasma

and helper virus free. Those tumor cells constitutively and stably secrete

40 U IL-2/ml. Cells will be irradiated with 10,000 rads prior to injection,

to assure their inability to proliferate (see appendix F). Two dose levels of

melanoma cells will be used for the vaccines.

2.9 Clinical Protocol

This is a pilot study of immunization with SK-MEL-29 allogeneic melanoma
cells that have been altered to secrete IL-2, given to patients with stage IV
metastatic melanoma, in order to test the safety of this procedure. Patients will

be HLA tissue typed. Patients who are HLA-A2 positive will receive

vaccinations of allogenic SK-MEL-29 cells that secrete IL-2. The expected

accrual for this study is twelve patients. The expected duration for the trial will

be 6-12 months.

Tissue culture of SK-MEL-29 cells will be grown in the laboratories of Drs.

Bemd Gansbacher and Alan Houghton. The melanoma cells have been infected

with the retroviral vector NAP-AD/IL2. Cells that secrete IL-2 will be irradiated

(10,000 rad) and given as a series of four vaccinations. If a patient has a
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response, as defined in section 10.0, then additional boosters will be given up to

one year in duration or until progression of disease. Six patients will receive a

low dose vaccine and the additional six will receive higher dose (see section 7.1).

3.0

CRITERIA FOR PATIENT ELIGIBILITY
Patients must fulfill the following criteria to be eligible for study admission:

3.1 Patients with histologic confirmation of metastatic malignant melanoma at

MSKCC.

3.2 Stage IV disease that is not curable by surgical resection.

3.3 Patients must have measurable or evaluable disease.

3.4 Kamofsky performance status greater than or equal to 70% and life

expectancy greater than 4 months.

3.5 Adequate hematologic function with WBC _> 3000/mm3
,
absolute

lymphocyte count > 1000/mm3

,
hemoglobin _> 9, and platelets J>

100,000/mm3
.

3.6 Adequate renal and hepatic function (serum creatinine <_ 2.5 mg/dl and

bilirubin _< 1.7 mg/dl).

3.7 At least 4 weeks since any prior radiation therapy, immunotherapy, or

chemotherapy (6 weeks for nitrosoureas), and full recovery from such

treatment.

3.8 The ability to give written informed consent.

3.9 Age _> 18 years.

3.10 No history of other concurrent malignancies except basal cell carcinoma,

squamous cell carcinoma of the skin, or carcinoma-in-situ of the cervix.

3.11 No systemic steroids for at least one week prior to treatment.

3.12 No intracranial or multiple hepatic metastases.

3.13 Patients must be HLA-A2 positive.
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4.0

EXCLUSION CRITERIA

The following conditions/situations will render patients ineligible for this study:

4.1 Serious intercurrent medical illnesses, to include significant cardiac

disease (New York Heart Association Class III or IV), angina pectoris, or

myocardial infarction within the previous 6 months.

4.2 The presence of an active infection, including urinary tract infection.

4.3 The presence of active intracranial or multiple hepatic metastases.

4.4 Pregnant or lactating women.

4.5 Patients who have received more than two regimens of systemic

chemotherapy. Use of low dose cyclophosphamide as part of a previous

tumor vaccination program shall not constitute a prior systemic

chemotherapy regimen.

4.6 Patients requiring continuing therapy with corticosteroids will not be

eligible.

5.0

CONCURRENT THERAPY

The following therapies are prohibited while patients are being treated on this protocol:

radiation therapy, chemotherapy, corticosteroids (except as administered for life-

threatening circumstances), or other immunotherapy.

6.0

PRETREATMENT EVALUATION

6.1 History and physical examination, including documentation of all

measurable disease.

6.2 Height, weight, and performance status.

6.3 Screening profile, BUN, and creatinine.

6.4 CBC, differential, and platelet count.

6.5 Chest X-ray.

6.6 EKG
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6.7 Cranial CT scan.

6.8 An abdominal CT scan will be obtained if the patient has abnormal liver

function tests or an elevated LDH.

6.9 Peripheral blood will be obtained for immune assays (six green top tubes

and two red top tubes). These will be stored in the laboratories of Drs.

Gansbacher and Houghton.

6.10 Additional tests, x-rays and scans as indicated by the patient’s presenting

signs and symptoms and required to define the extent of the patient’s

disease.

TREATMENT PLAN

7. 1 Patients will receive at least four vaccinations. The first six patients will

receive a low dose vaccination (defined below). The subsequent six will

receive the higher dose level of vaccine. The vaccine will consist of

irradiated, allogenic SK-MEL-29 tumor cells that have been engineered to

secrete IL-2.

Low Dose: Approximately 10 million tumor cells

High Dose: Approximately 50 million tumor cells

7.2 A series of four vaccinations will be given either subcutaneously into the

thigh or the arm of the patient. The sites will vary with each vaccination.

A limb that has undergone a lymph node dissection will not be used for

vaccination sites. One vaccination will be given every two weeks for four

weeks. A booster vaccination will be given two months following the

third vaccination. If a patient has a clinical major response (PR or CR as

defined in section 10.0), additional boosters will be given every three

months for one year or until progression of disease. Vaccination may
continue beyond one year in responding patients at the discretion of the

Principal Investigators. Patients with minor responses or stable disease

will receive boosters at the discretion of the principal investigators up to

one year. Blood work will be obtained prior to each vaccination (see

section 8.0).

Vaccinate: Day 1, 15, 29, 85

7.3 If a patient develops a severe reaction as defined as grade 4 toxicity (see

section 11.0) to the vaccine or deteriorating performance status
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necessitating hospitalization, that patient will not receive subsequent

vaccinations.

7.4 Criteria for removal from study:

A. Progressive disease other than appearance of small (< 2 cm
diameter) superficial cutaneous, subcutaneous or soft tissue

metastases. If small superficial disease appears, the patient may
continue with vaccination at the discretion of the investigator.

B. Severe intercurrent Illness.

C. Unacceptable grade 4+ toxicity.

D. General or specific alteration in the patient’s condition which

would render further treatment as unacceptable in the judgement of

the principal investigators.

7.5 Formulation of vaccine

The established HLA-A2 melanoma cell line SK-MEL-29 infected with

the retrovirus NAP-AD/IL2 has been shown to secrete 40 U IL-2/ml.

The stock IL-2-infected cell line is frozen in liquid nitrogen and stored in

the laboratory of Dr. Bemd Gansbacher. Approximately one week before

vaccination date, vials containing 10 million tumor cells (one vial for low

dose and five vials for high dose) will be thawed, expanded in tissue

culture, and reanalyzed for IL-2 production. These cultures will have been

shown to be free of helper virus, mycoplasma, bacteria, and fungus.

On the day of the vaccination, the cells will be trypsinized, counted, and

resuspended in 1 ml of sterile phosphate buffered saline (USP) into a

sterile syringe. The syringe and its contents will be irradiated with 10,000

rads and delivered to the outpatient department for subcutaneous injection

by a Principal Investigator or a designated co-investigator.

8.0

EVALUATION DURING STUDY

8.1 Physical examination prior to each vaccination.

8.2 CBC, platelet count, and differential will be done prior to each vaccine.
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8.3 Chemical profile including liver function tests, bilirubin, creatinine, and

LDH will be done every four weeks for two months, then prior to each

vaccine.

8.4 Peripheral blood will be obtained for immune assays (see section 6.9). Six

green top tubes and two red top tubes will be obtained prior to the first

vaccination and one to two weeks after the fourth vaccination.

8.6 Chest X-ray will be repeated every 4 weeks for two months, then prior to

each vaccination.

8.7 If moderate toxicity (grade 3) is observed, pertinent tests will be

performed more frequently than indicated in the table.

9.0 EVALUATION OF IMMUNE RESPONSE

9.1 Serological studies

The most direct methods to measure immune responses to melanoma is

detection of antibodies. Approximately one-third of patients with metastatic

melanoma have antibodies that react with autologous tumor cells (reference

45). Most of these autoantibodies are IgM but occasional antibodies are IgG

class. Several antigens recognized by these autoantibodies have been defined at

the molecular level, including the acidic glycolipids GM2 and GD2, and the

melanosomal glycoprotein gp75. The immunizing cell line SK-MEL-29
expresses GD2 and gp75. The detection of IgG antibodies induced by

immunization is also a possible indirect measure of helper T cell responses,

because induction of high affinity, mature IgG responses requires T cell help

by CD4-positive T cells. All patients will have peripheral blood sera obtained

for serologic analysis of antibodies directed against the SK-MEL-29 cell line

(to include antibodies against GD2 and gp75) and autologous tumor cells when
available. In addition, a control for a positive immune response with antibodies

against allogeneic MHC class I and II antigens expressed by SK-MEL-29 will

be done. It is expected that most patients will develop strong IgG responses

against class I and II alloantigens expressed by SK-MEL-29. The development

of IgG antibodies will provide an indirect measure of induction of a T cell help

response against SK-MEL-29. Antibodies against cell surface and intracellular

antigen will be detected by:

A. Immunoprecipitation of 1 % NP40 cell lysates of SK-MEL-29
metabolically labeled with 35-methionine.

[
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B. Mixed hemadsorption assays for IgG and IgM antibodies directed cell

surface antigens (23-27). Specificity of responses to MHC antigens

will be tested using autologous AV Epstein-Barr virus transformed B
lymphocytes or AV fibroblasts.

9.2 Cellular immune responses

In selected patients where autologous tumor cells are available, MHC-
restricted cellular immune responses can be evaluated. An attempt will be

made to enter patients who have established cultures of autologous melanoma

cell but these are not available for most patients. Although cellular immune
responses are a critical measure of immune responses to melanoma, there are

the following limitations: a) autologous tumor cells are necessary to detect

responses; b) autologous normal cells and MHC-matched allogeneic cells are

necessary to evaluate the specificity of responses; c) evidence of cytotoxic or

helper responses are not evident without in vitro stimulation by autologous

tumor cells. This requirement makes it difficult to discern T cells that have

responded to tumor from precursor T cells that are capable of recognizing

tumor without responding in vivo. Mononuclear cells from peripheral blood

will be purified by Ficoll-Hypaque gradient centrifugation. Cells will be

cultured with autologous tumor cells, interleukin-2 20-100 units/ml and

autologous or allogeneic stimulator cells as described for 7-14 days (reference

51). The following assays to assess cellular immune function will be done

when autologous tumor cells are available:

A. Helper T cell assays.

Peripheral blood lymphocytes will be cultured with autologous

tumor cells, autologous normal cells and allogeneic tumor cells

(e.g. SK-MEL-29) for 48 hours. Proliferation will be measured

by uptake of 3H-thymidine in a 4 hour pulse at the end of the

assay. Additional measures are secretion of cytokines during co-

cultivation with target cells. Interleukin-2 production is

measured by enzyme-linked immunoassay (ELISA) and

stimulation of the reference CTL cell line. Interferon-7

production is measured by ELISA. Release of additional

cytokines can be measured by ELISA, including interieukin-4,

interleukin-6
,
tumor necrosis factor-a, and granulocyte-

monocyte colony stimulating factor.

B. Cytotoxic T cell assay.

Cytotoxicity is measured in either a 4 hour or 18 hour 51-chromium release

assay (as described in reference 51).
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10.0

CRITERIA FOR A THERAPEUTIC RESPONSE

10.1 Complete Response (CR): Disappearance of all clinical evidence of

tumor on physical examination, x-ray, and biochemical evaluation,

for a minimum of 4 weeks.

10.2 Partial Response (PR): Greater than 50% decrease on physical

examination or radiography (including CT scan and/or ultrasound) of

the summed products of the perpendicular diameters of all measured

lesions maintained for a minimum of 4 weeks. No simultaneous

increase in size of any lesion or the appearance of any new lesion

may occur.

10.3 Minor Response (MR): 25-49% decrease in the summed products of

diameters of measured lesions for a minimum of 4 weeks.

10.4 Stable Disease (STAB): Less than 25% decrease or increase in

tumor size for at least 3 months.

10.5 Progression (PROG): Greater than 50% increase in the sum of all

measured lesions or appearance of new lesions. Note that if there is

the appearance of superficial cutaneous, subcutaneous or soft tissue

disease < 2 cm diameter, the patient may continue with vaccination

at the discretion of the investigator.

10.6 Duration of response: measured from initiation of therapy until a

50% or greater increase from the smallest sum of all tumor

measurements obtained during best response (CR, PR, MR, or

STAB).

11.0 CRITERIA FOR TOXICITY

Toxicity will be graded and classified according to Common Toxicity Criteria

(Appendix) by the following outline:

0 No toxicity

1+ Mild toxicity, usually transient, requiring no special treatment and

generally not interfering with usual daily activities.

2+ Moderate toxicity ameliorated by simple maneuvers.
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3+ Severe toxicity which requires therapeutic intervention and interrupts

usual activities. Hospitalization may or may not be required.

4+ Life-threatening toxicity which requires hospitalization. A toxicity

which causes a drug-related death will be called a 4F.
12.0

ADVERSE EXPERIENCE

To date there have been minimal side effects from vaccinations with allogenic tumor

cells (20). Patients have had induration and erythema at the site of the vaccination.

There have been no reports of anaphylaxis to allogenic tumor cells in vivo. In the

initial study of administration with genetically altered human cells to patients, no

additional side effects were seen as a result of the procedure and no viable retrovirus

was transmitted (17).

Serious adverse effects of treatment will be reported to the Memorial Sloan-Kettering

Cancer Center IRB as well as the NIH Office for Protection from Research Risks within

24 hours and a written report will follow within ten days to the Office of Recombinant

DNA Activities, Building 31, Room 4B11, Bethesda MD 20892.

13.0

BIOSTATISTICAL CONSIDERATIONS

13.1 The endpoint of this pilot study has been defined as clinical toxicity. As
indicated in Section 7, six patients are planned at each dose level. If three

patients develop grade III or IV toxicity (as defined by the Common
Toxicity Criteria), then a maximum tolerated dose will be defined and the

study will be ended. All patients will be evaluated for immune response as

described in section 9.0, although this evaluation will not be a measurable

endpoint.

13.2 Design and sample size.

Approximately twelve patients will be enrolled in this pilot study of

tumor cell vaccinations. Two dose levels of tumor cells will be used.

low dose: 10 million tumor cells

high dose: 50 million tumor cells

13.3

The maximum tolerated dose will be defined as the dose of vaccine for

which three or more patients have grade III or IV toxicity. The trial will be

stopped at the determination of maximum tolerated dose or the completion

of both dose levels. It is anticipated that an maximum tolerated dose may
not be established in this study.
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14.0 CONSENT PROCEDURES

All patients will be required to sign a statement of informed consent which must

conform to IRB guidelines. This is included as appendix A. This research study has

been reviewed by the IRB of Memorial Sloan-Kettering Cancer Center as well as the

NIH Recombinant DNA Committee. The investigator will report to the IRB and the

RAC changes in the research protocol and all unanticipated problems involving risks to

human subjects or others, and no changes will be made in the research activity without

IRB approval.

[
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APPENDIX A

MEMORIAL HOSPITAL
1275 YORK AVENUE
NEW YORK, NEW YORK 10021

PATIENT INFORMED CONSENT FOR CLINICAL RESEARCH

You are being asked to participate in a clinical research study. The doctors at

Memorial Hospital study the nature of disease and attempt to develop improved

methods of diagnosis and treatment. This is called clinical research. In order to

decide whether or not you should agree to be part of this research study, you

should understand enough about its risks and benefits to make an informed

judgment. This process is known as informed consent.

This consent form gives detailed information about the research study which the

doctor will discuss with you. Once you understand the study, you will be asked to

sign this form if you wish to participate. You will have a copy to keep as a record.

The research study being proposed to you is:

A PILOT STUDY OF IMMUNIZATION WITH HLA-A2 MATCHED
ALLOGENEIC MELANOMA CELLS THAT HAVE BEEN ALTERED TO
SECRETE INTERLEUKIN-2 IN PATIENTS WITH METASTATIC MELANOMA

PURPOSE OF THE RESEARCH STUDY

Treatment of patients with metastatic melanoma has been disappointing. In rare

patients, the cancer has spontaneously disappeared. This has suggested that an

individual patient’s immune system can be capable of fighting the cancer. For these

reasons, novel treatments that can increase an individual’s immune response against

his/her melanoma are being studied.

The purpose of this study is to evaluate a vaccine made as a result of the new

technique called gene therapy. The vaccine is made from tumor cells that have been

altered by gene therapy in order to make interleukin-2 (IL-2). Interleukin-2 is a

protein made by certain blood cells that can stimulate an immune response. In

earlier studies cancer patients have received large doses of IL-2. Some of these

patients had reductions in the size or number of their tumors. Most of them

experienced side effects, sometimes severe. Many of the side effects were a result
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of using very high doses. This new technique will use much smaller doses of

interleukin-2 to stimulate your immune system to fight your tumor.

Other options for the treatment of melanoma include chemotherapy, experimental

immunotherapy, surgery or radiation therapy. You should feel free to discuss these

options with your doctor. However, you are being offered this treatment because

your tumor has either not responded to standard treatment or known effective

treatments are not available.

DESCRIPTION OF THE RESEARCH PROCEDURES

The tumor cells used to make the vaccines are stored melanoma cells from one

patient with melanoma. These cells show a protein called HLA-A2, the same

protein that you have been demonstrated to show and that your melanoma is

thought to show. These tumor cells have been induced to produce interleukin-2 by

gene therapy. Now, these altered cells can make IL-2 and will be x-rayed to

prevent their growth of the tumor cells and insure sterility. This is the vaccine you

will receive, given into and under your skin in the arm or thigh.

Your vaccinations will be administered in the outpatient unit of Memorial Hospital.

You will receive a total of four vaccinations. Blood work will be taken prior to

each vaccination. In addition, a sample of blood (one to two ounces) is drawn

before and after the vaccinations to assess the response your immune cells have

had. Every two weeks for the first four weeks and then monthly during your

treatments, you will need to be seen by your doctor for examinations. X-rays and

scans will be taken before and after the vaccinations to see whether the size of your

tumor changes.

Gf

After the first course of treatment, further treatment will depend upon how your

tumor responds and what kind of side effects you have. If severe side effects are

seen, then the treatment will be stopped. If your tumors get much bigger or if new
Jarge-sized tumors develop, treatment may also be stopped. We cannot assure you

that, even if your tumor responds to therapy, further treatment with additional

vaccine will be possible.

The dose of the interleukin-2 producing tumor cells in the vaccine will be

varied. The first six patients in this research study will be treated with a dose

of tumor cells. If they have no adverse side effects, the next group of patients

will be given a higher dose.

It is not yet possible to say how helpful the vaccination treatments will be in

shrinking melanoma, or what the optimal dose of altered tumor cells should be.
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This is a new technique that is currently being studied. The purpose of this study is

to determine the safety of treatment with these altered melanoma cells.

SIDE EFFECTS

In previous studies with x-rayed tumor cell vaccinations at Memorial Hospital, the

side effects have been redness and swelling at the site of the injection. No one has

had allergic reactions to the vaccines.

The virus used to incorporate the blueprint for IL-2 is not able to grow on its own.

In a recent study at the National Cancer Institute a similar virus has been used.

Only a few patients received the virus, but so far there have been no serious side

effects. However, this is a very new technique and serious side effects may yet be

seen. There is a very remote possibility that the irradiated tumor cells used for the

vaccination produce a virus not detected with our screening methods. Should a

virus be produced there is the possibility that you may develop symptoms of a viral

infection. Members of this virus family are known to cause lymphomas in rodents.

Should you suffer a severe reaction to the vaccinations, treatment will be

discontinued.

You will be informed of the progress of the research study. During the time that

you participate, you will be informed of any new findings which might affect your

willingness to continue.

If you are injured as a result of your participation in this research study, emergency

care, hospitalization and outpatient care will be available to you by the Hospital and

billed to you as part of your medical expenses. No money will be provided by

Memorial Hospital or as compensation for a research-related injury.

BENEFITS

Although we do hope that this research study will be of benefit, there is not much

experience in treating cancer patients with this technique and we do not know if it

will help you directly.

FINANCIAL COST

You are responsible for the costs of the physician visits, hospitalizations, and

laboratory and diagnostic tests. There will be no charge for the vaccinations or the

blood tests done to evaluate the immune response to the vaccinations.
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PRIVACY

Your research and hospital records are confidential. Your name or any other

personally identifying information will not be used in reports or publications

resulting from this study. The National Institute of Health or other authorized

agencies may inspect your records. A qualified representative of the National

Cancer Institute may inspect the patient/study records.

RIGHT TO REFUSE OR WITHDRAW

The choice to enter or not to enter this study is yours. You are in a position to

make a decision if you understand what the doctor has explained and what you have

read about the research study and other possible forms of care. If you decide not

to participate the other choices are available to you without prejudice. If you begin

the study, you will have a right to withdraw at any time. If you should withdraw,

you will be offered other available care which suits your needs and medical

condition.

TERMINATION OF STUDY

Your participation in this research study may be ended without your consent for the

following reasons:

1. If your tumor does not respond or gets substantially larger during treatment.

2. If the doctors treating you see side effects that they consider dangerous.

3. If you refuse to have treatment as recommended by your doctor or if you

refuse to have the tests needed to determine whether the treatment is safe

and effective.

This research study has been reviewed by the Memorial Sloan-Kettering Cancer

Center Institutional Review Board the NIH Recombinant DNA Advisory

Committee. The Memorial Board is legally responsible for making sure that

research with patients is appropriate and that the patient’s rights and welfare are

protected.

The physicians in charge of this research study are Dr. Alan Houghton, telephone

number (212) 639-7595, and Dr. Bemd Gansbacher, telephone number (212)

639-5019. If you need more information about this study before you decide to
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join, or at any other time, you may wish to contact them. In the event that you

decide to participate,they should also be called if there are side effects from the

research study. A non-physician whom you may call for information about the

consent process, research patient’s rights, or research-related injury is Pat Keating

(212) 639-5804.

9
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PATIENT INFORMED CONSENT FOR CLINICAL RESEARCH

Title: A PILOT STUDY OF IMMUNIZATION WITH HLA-A2 MATCHED
ALLOGENEIC MELANOMA CELLS THAT HAVE BEEN ALTERED
TO SECRETE INTERLEUKIN-2 IN PATIENTS WITH METASTATIC
MELANOMA

Purpose: The purpose of this research study is to evaluate the toxicity and safety of

these specially altered melanoma cells in patients with metastatic melanoma.

STATEMENT OF PHYSICIAN OBTAINING INFORMED CONSENT

I have fully explained this research study to the patient or guardian

. In my judgment, and the patient’s, there

was sufficient access to information, including risks and benefits, to make an

informed decision.

PHYSICIAN’S SIGNATURE

PHYSICIAN’S NAME
(Print)

DATE

PATIENT’S STATEMENT

I have read the description of the clinical research study or have had it translated

into language I understand. I have also discussed it with the doctor to my
satisfaction. I understand that

my patient’s participation is voluntary. I know enough about the purpose, methods,

risks and benefits of the research study to judge that I (the patient) want to take

part in it.

PATIENT NUMBER

PATIENT SIGNATURE

Recombinant DNA Research, Volume 15 [915]



A PILOT STUDY OF IMMUNIZATION WITH INTERLEUKIN-2
SECRETING ALLOGENEIC HLA-A2 MATCHED RENAL CELL
CARCINOMA CELLS IN PATIENTS WITH ADVANCED RENAL
CELL CARCINOMA

1.0 OBJECTIVES
2.0 BACKGROUND AND RATIONALE
3.0 CRITERIA FOR PATIENT ELIGIBILITY
4.0 EXCLUSION CRITERIA
5.0 CONCURRENT THERAPY
6.0 PRETREATMENT EVALUATION
7.0 TREATMENT PLAN
8.0 EVALUATION DURING STUDY
9.0 EVALUATION OF IMMUNE RESPONSE
10.0 CRITERIA FOR THERAPEUTIC RESPONSE
11.0 CRITERIA FOR TOXICITY
12.0 ADVERSE EFFECTS
13.0 BIOSTATISTICAL CONSIDERATIONS
14.0 CONSENT PROCEDURES
15.0 REFERENCES

APPENDIX A INFORMED CONSENT
APPENDIX B KARNOFSKY PERFORMANCE STATUS
APPENDIX C STRUCTURE OF RETROVIRAL VECTOR, NAPAD/IL2
APPENDIX D INTERLEUKIN-2 cDNA GENE SEQUENCE
APPENDIX E VACCINE PREPARATION
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APPENDIX H TRANSDUCTION FLOW SHEET
APPENDIX I POST-TREATMENT LABORATORY VALUES
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APPENDIX K POST TREATMENT SAFETY STUDIES
APPENDIX L EXPERIMENTAL DATA
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APPENDIX N POINTS TO CONSIDER

PRINCIPAL INVESTIGATORS: BERND GANSBACHER, MD
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1.0 OBJECTIVES

To immunize HLA-A2 positive renal cell carcinoma patients with HLA-A2
matched allogeneic renal cell carcinoma cells that have been altered to secrete

interleukin-2. The following will be evaluated:

1.1 Toxicity of immunization

1.2 Evidence for induction of humoral and cellular immunity

1 . 3 Anti-tumor effects

2.0

BACKGROUND

2.1 Renal cell carcinoma .

Renal cell carcinoma (RCC) is the fourth most common genitourinary cancer in

the United States, with an annual incidence of 20,000 cases and death rate of

8000 to 10,000. The natural history and clinical manifestations of RCC are

variable (1-6). Approximately one-half of the new cases are localized to the

kidney, and 30% of patients present with distant metastases. A radical

nephrectomy is a curative therapy for localized RCC, with a five year survival of

66% for patients with stage I-II disease and 35% for stage III disease (4,7,8).

Selected patients with State IV disease, those with solitary metastases, appear to

show a survival benefit from surgical intervention.

Systemic therapy for metastatic RCC has limited effectiveness. Hormonal therapy

with antiandrogens, antiestrogens, androgens, and progestins has been

investigated, with reported response proportions of less than 2% (9,10,11).

Chemotherapy is generally ineffective, with more than 30 drugs investigated,

alone or in combination, and none achieving a response proportion greater than

15-20% (10,11). Of note, spontaneous regressions are well-recognized

occurrence in as many as 7% of patients with advanced RCC (12). This

phenomenon has prompted the investigation of immunotherapy. The most

promising interventions so far have been immunologic, in particular the

cytokines. The interferons and interleukin-2 have been reported to elicit

antitumor effects in renal cell carcinoma (13). However, the majority of trials

have reported response proportions of less than 20% (30).

2.2 Vaccination Studies
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For many years it has been hoped that vaccination against cancer may
specifically sensitize the host immune system and induce an antitumor response.

At MSKCC, a variety of tumor vaccine studies aimed at inducing or augmenting

a humoral or cellular antitumor response have been completed. Most of these

studies have been done in patients with melanoma. Since there is more

experience on the use of vaccines for melanoma, our trial will be based in part

on the observations that have been made for melanoma.

In the initial trials with autologous and allogenic melanoma cell vaccines,

Livingston et al (28) tested for augmentation of cell mediated cytotoxicity against

cultured melanoma cells. No augmentation was seen and the specificity analysis

of preexisting cell mediated cytotoxicity was found to be difficult. Consequently,

emphasis was placed on serologic analysis. In the analysis of reactions of

patient’s sera with autologous cultured melanoma cells, three classes of cell

surface antigens have been defined (28). Class I are unique antigens detected

only on autologous cells. Class II are restricted differentiation antigens shared by

many melanoma cell lines. Class III are nonspecific antigens seen on normal

cells and other non-melanoma tumor cells.

Cytotoxic T cells that kill allogenic tumor cells have been found to be class I

restricted. These cytotoxic T lymphocytes could kill HLA matched but not non-

HLA matched allogenic melanoma cells (40,41). Further evidence for shared

tumor antigens is growing. Houghton (unpublished data) has noted that CD 4+
cells can kill both autologous and allogeneic tumor cells and these recognize

shared antigens restricted by HLA-DR 15. Crowley (46,47) demonstrated that

autologous tumor-specific cytotoxic T-lymphocytes (CTL’s), when generated by

repeated stimulation with autologous melanoma cells and expanded in the

presence of interleukin-2, were major histocompatibility restricted (46,47).

Additional experiments suggested that these CTL’s recognized a tumor-associated

antigen in the presence of HLA-A2. Allogeneic HLA-A2 matched melanoma

cells were substituted for autologous tumor cells in the generation of CTL’s.

These lymphocytes lysed the autologous tumor cells to the same degree that

CTL’s generated by stimulation with autologous tumor cells. Thus, tumor

specific CTL’s could be generated using HLA-2 matched allogeneic melanoma
cells. Since growing autologous tumor cells in culture is a time intensive

procedure, allogenic HLA-A2 cells could be used to generate autologous

cytotoxic T cells.

2.3 Biologic effects in vitro of Interleukin-2

Interleukin-2 is a lymphokine that is produced by T helper cells and stimulates T
cells and natural killer (NK) cells. In vitro IL-2 has been shown to cause

proliferation of antigen specific T cells. Helper, cytotoxic, and suppressor T cells
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have been immortalized by repetitive culturing in vitro in the presence of IL-2

(25). B cell responses in vitro are also enhanced by IL-2 (26). Interleukin-2 can

also stimulate secretion by T cells of other lymphokines including gamma
interferon.

2.4 Interleukin-2 in Human Studies

Within the last ten years, Rosenberg et al have conducted several studies with

systemic IL-2 in order to enhance lymphocyte function (14-16). Indeed, tumors

such as renal cell carcinoma and melanoma have shown activity to intravenous

IL-2 with a 20-30% response rate (15). The major effect of IL-2 was on the

expansion of effector cell populations which have the capability to kill the tumor

cells in vitro. However, because of the short serum half life of IL-2, high doses

have to be used which are very toxic. Hypotension and capillary leak syndrome

with decreased systemic vascular resistance can lead to interstitial pulmonary

edema, pre-renal azotemia, cardiac arrhythmias, and myocardial infarction (14-

lb).

2.5 Gene Transfer in Animal Models

Several laboratories have shown that the introduction of cytokine genes, such as

IL-2 (17,19), IL-4 (33), IFN-gamma (34, 18), TNF (35) and GM-CSF (36) into

tumor cells leads to their rejection in an immunologically competent host.

Secretion of GM-CSF or IL-4 leads to a localized inflammatory response at the

tumor site without induction of immunological memory (33,36). IL-2, interferon-

gamma, and tumor necrosis factor on the other hand induce a long lasting

cellular immune response which leads to the rejection of potentially lethal tumor

challenges at a later time point (17,34,35). Initial studies by Tepper (33)

demonstrated the potent effect of localized IL-4 secretion at the tumor site

characterized by an accumulation of eosinophils and macrophages. Fearon (19)

introduced the IL-2 gene into a poorly immunogenic murine colon carcinoma.

The IL-2 secreting tumors were rejected and induced an effective cytolytic T cell

response. Depletion of CD 8+ cells in vivo abrogated the cellular antitumor

response implicating the pivotal role of class I restricted CD 84- cells.

To approximate more closely the physiologic mode of cytokine secretion in the

course of an immune response, the IL-2 gene was directly introduced into a

murine fibrosarcoma cell line (CMS5). In this way a localized secretion of low

levels of cytokine was achieved which led to the regression of the tumor (17,18).

While control mice were killed by tumor within 45 days, mice carrying the IL-2

secreting tumor not only rejected the implanted tumor and were cured, but also

developed immunological memory. Lethal doses of tumor cells implanted after

several months were rejected, while unrelated tumor grew and killed these mice,

demonstrating the specificity of the response. In addition, lymphocytes taken
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from the spleens were capable of killing the tumor in vitro throughout the life

span of the immunized mouse. Of note, weak cytolytic responses were generated

by unmodified tumor cells; these were transient and disappeared three weeks

after tumor implantation. However, mice injected with IL-2 secreting tumor cells

generated tumor specific cytolytic activity lasting for over 75 days.

Several of these findings have been reproduced at MSKCC in different tumor

types such as murine melanoma B16, murine B cell lymphoma 38C13, and

murine bladder carcinoma MBT 2. Additional experiments using irradiated IL-2

secreting CMS5 cells demonstrated that there was no difference in their ability to

induce immunological memory in vivo as compared to non-irradiated IL-2

secreting tumor cells (see appendix F). Rosenberg et al (unpublished data)

reproduced these results in the poorly immunogenic tumor MCA-102. Despite

many attempts they were never able to generate a cellular antitumor response

using unmodified tumor cells. Introduction of the IL-2 gene into these cells

increased their immunogenicity to a level which generated tumor rejection and

memory. In addition, coinjection of the IL-2 producing tumor cells with

unmodified tumor cells produced an immune response strong enough to reject not

only the lymphokine secreting tumor cells but the unmodified tumor cells as

well.

The mastocytoma cell line P815 was transfected with the murine IL-2 gene.

Injection into mice led to tumor rejection. Analysis of the cellular immune
response demonstrated that the frequency of CTL precursors and CTLs specific

for P815 increased 2-4 fold as a result of IL-2 secretion by the tumor cells.

In summary, the introduction and constitutive expression of IL-2 by tumor cells

themselves increased the immunogenicity of a variety of histologically different

cancer cells. It appears from these studies that the localized persistent expression

and secretion of low levels of IL-2 may have an impact on the host antitumor

response in the absence of any detectable toxicity.

2.6 Gene transfer in Humans

Most recently, Rosenberg et al have taken genetically altered autologous tumor

infiltrating lymphocytes and injected them into patients with refractory metastatic

tumors (20). A retroviral vector containing the neomycin resistance gene was

introduced into autologous lymphocytes in order to monitor them when reinfused

into patients. Of the five patients, cells from four were successfully grown in

tissue cultures with G418, a neomycin analogue. Those cells that showed

neomycin resistance were given intravenously to patients along with systemic IL-

2. Peripheral blood was recovered periodically and circulating mononuclear

cells with neomycin resistance were found. There were no additional toxicities

seen as a result of the genetic alteration. No intact virus was recovered from any
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patient. Rosenberg concluded that this procedure was both feasible and safe

(20).

Prior safety studies have shown that exposure of primates to large infusion of

infectious murine amphotrophic virus produces no acute pathologic effects (37).

Twenty-one primates transplanted with retroviral gene modified bone marrow
showed no evidence of toxicity related to the gene transfer as long as five years

after infusion (38). The first adenosine deaminase-deficient patient with Severe

Combined Immunodeficiency (SCID) underwent successful retroviral-mediated

adenosine deaminase gene transfer approximately one year ago at the NCI. So

far, investigators observed partial reconstitution of cellular immune function

without any ill effect on the patient.

To investigate whether the findings from the murine system could be extended,

human tumor cell lines were infected with cytokine-containing retroviral vectors.

To date, the human IL-2 gene, human IFN-gamma gene and the human
epidermal growth factor receptor gene have been successfully transduced into a

variety of human cell lines. In collaboration with Dr. Raymon Taetle (University

of Arizona), the epidermal growth factor gene has been introduced into the

Burkitts lymphoma cell line, Namalwa; the receptor was shown to be expressed

on the cell surface and fully functional. Stimulation of these transduced cells with

the epidermal growth factor leads to the appropriate binding of the ligand and

signal transduction (39). In addition, the IL-2 or the IFN-gamma gene have been

introduced and expressed in primary and established renal cell carcinoma lines.

These genetically modified cells secreted constitutively up to 20 U/ml
recombinant IL-2 into the supernatant. Constitutive IFN-gamma expression led to

the upregulation of HLA class I and class II on the cell surface of renal cell

carcinoma cells (Gansbacher unpublished data). Injection of the IL-2 secreting

tumor cells into nude mice led to tumor rejection in contrast to unmodified cells.

Irradiation of the genetically altered renal cell carcinomas does not abrogate IL-2

secretion (see appendix F). After lethal irradiation, IL-2 was continuously

secreted for 2-3 weeks in amounts comparable to nonirradiated transduced cells.

2.7 Rationale

We propose to study whether immunization with allogenic renal carcinoma cells

expressing a recombinant human IL-2 gene can be well tolerated without evident

toxicity. There is substantial experience at MSKCC and other institutions that has

established the general safety of immunization using irradiated allogeneic tumor

cells (42,43). The choice of allogeneic HLA-A2 positive tumor cells is based on

two considerations. First, the use of a single established immunizing cell line

bypasses the necessity to infect autologous tumor cells for each patient. Growing

autologous tumor cells in tissue culture is a difficult and time intensive
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procedure. The success rate in growing long term cultures with renal carcinoma

cells is 10-20% (24). Since approximately 40% of patients are HLA-A2 positive,

a tumor vaccine produced from previously established HLA matched renal cell

carcinoma cell lines could be widely used. Additionally, evidence is mounting

that shared tumor antigens exist (23,24). HLA class I antigens are the restricting

element for a cytotoxic T cell response. Allogeneic HLA-A2 matched tumor cells

can induce cytotoxic T cell responses. The protocol will be restricted to patients

who are HLA-A2-positive.

2.8 Renal Carcinoma Cell Line

Two cell lines, SK-RC-28 and SK-RC-39, will be used in combination for

expression of IL-2. The combination will allow presentation of more renal

associated antigens and allow greater allogenic stimulation. The cell line SK-RC-

28 was derived from the 1979 primary nephrectomy specimen of a 51 year old

woman with a solitary humeral metastasis. The parental cell line is a moderately

well differentiated carcinoma that grows on soft agar but not in nude mice. The

cell line SK-RC-39 was derived from the 1980 resection of local recurrence that

occurred in a 55 year old woman five years after her primary nephrectomy. The
parental line grows on soft agar and in nude mice; it has an in vitro doubling

time of 42 hours. The antigenic phenotype of each cell line is shown below.

cell line gpl60 gpl40 gpl20 URO-8 G250 HLA-A2 ABH/Rh

SK-RC-28 + + - + + A+
SK-RC-39 - + + + - + 0+

Both cell lines have been infected with the retroviral vector NAP-AD/IL-2 (see

appendix C for construction). The transfected cell lines constitutively secrete IL-

2: SK-RC-28 secretes 20 U/ml and SK-RC-39 secretes 40 U/ml. These tumor

cells will be irradiated with 10,000 rads prior to injection, to assure their

inability to proliferate (see appendix E). Two dose levels of tumor cells will be

used for the vaccines.

2.9 Clinical Protocol

This will be a pilot study of immunization with SK-RC-28 and SK-RC-39

allogeneic tumor cells that have been altered to secrete IL-2, given to patients

with renal cell carcinoma in order to test the safety of this procedure. Patients

will be HLA tissue typed. Those who are HLA-A2 positive will receive

vaccinations of allogenic HLA-A2 matched renal carcinoma cells that secrete IL-

2. The expected accrual for this study is twelve patients. The expected duration

for the trial will be twelve months.
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The tissue cultures have been grown in the laboratories of Drs. Bemd
Gansbacher and Neil Bander. The tumor cells have been infected with the

retroviral vector, NAP-AD/IL2. Cells that secrete IL-2 will be irradiated (10,000

rads) and given as a series of four vaccinations. If a patient has a clinical

response as defined in section 10.0, then additional boosters will be given up to

one year in duration or until progression of disease. Six patients will receive low

dose vaccine and the additional six will receive high dose (see section 7.1).
3.0

CRITERIA FOR PATIENT ELIGIBILITY

Patients must fulfill the following criteria to be eligible for study admission:

3.1 Patients with histologic confirmation of metastatic renal cell carcinoma at

MSKCC.

3.2 Kamofsky performance status greater than or equal to 70% and life

expectancy greater than 4 months.

3.3 Adequate hematologic function with WBC _> 3000/mm3

,
absolute

lymphocyte count > 1000/mm3
,
hemoglobin _> 9, and platelets _>

100,000/mm3
.

3.4 Adequate renal and hepatic function (serum creatinine <_ 2.5 mg/dl and

bilirubin < 1.7 mg/dl).

3.5 At least 4 weeks since any prior radiation therapy, immunotherapy, or

chemotherapy (6 weeks for nitrosoureas), and full recovery from such

treatment.

3.6 The ability to give written informed consent.

3.7 Age _> 18 years.

3.8 No history of other concurrent malignancies except basal cell carcinoma,

squamous cell carcinoma of the skin, or carcinoma-in-situ of the cervix.

3.9 No systemic steroids for at least one week prior to treatment.

3.10 Selection of patients with minimal tumor burden is encouraged. All

patients must have undergone a nephrectomy or have a non bulky tumor (

less or equal to 5 cm).

3.11 Patients must be HLA-A2 positive.

[
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3.12 Patients must have measurable or evaluable disease.

4.0 EXCLUSION CRITERIA

The following conditions/situations will render patients ineligible for this study:

4.1 Serious intercurrent medical illnesses, to include significant cardiac

disease (New York Heart Association Class III or IV), angina pectoris, or

myocardial infarction within the previous 6 months.

4.2 The presence of an active infection, including urinary tract infection.

4.3 The presence of active CNS metastases.
'

4.4 Pregnant or lactating women.
i

4.5 Patients who have received more than one form of immunosuppressive

therapy to include radiotherapy or chemotherapy.

4.6 Patients requiring continuing therapy with corticosteroids will not be

eligible.

5.0 CONCURRENT THERAPY
i

The following therapies are prohibited while patients are being treated on this protocol:

radiation therapy, hormonal therapy, chemotherapy, corticosteroids (except as

administered for life-threatening circumstances), or other immunotherapy.

6.0

PRETREATMENT EVALUATION

6. 1 History and physical examination, including documentation of all

measurable disease.

6.2 Height, weight, and performance status.

6.3 Screening profile, BUN, and creatinine.

6.4 CBC, differential, and platelet count.

6.5 Chest X-ray.
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6.6 EKG

6.7 Additional tests, x-rays and scans as indicated by the patient’s presenting

signs and symptoms and required to define the extent of the patient’s

disease.

6.8 Peripheral blood will be obtained for immune assays. Six green top tubes

and two red top tubes to be stored in Dr. Gansbacher’s laboratory.
7.0

TREATMENT PLAN

7. 1 Patients will receive at least four vaccinations. The first six patients will

receive the low dose vaccination (defined below). The subsequent six will

receive the higher dose level. The vaccine will consist of irradiated,

allogeneic SK-RC-28 and SK-RC-39 tumor cells that have been

engineered to secrete IL-2.

Low Dose: Approximately 10 million tumor cells

High Dose: Approximately 50 million tumor cells

7.2 A series of four vaccinations will be given either subcutaneously into the

thigh or the arm of the patient. The sites are to be rotated with each

vaccination. One vaccine will be given every two weeks for four weeks.

A booster vaccine will be given two months following the third. If a

patient has a clinical response (CR or PR as defined in section 10.0),

additional boosters will be given every three months for one year or until

progression of disease. Patients with minor responses or stable disease

will receive boosters at the discretion of the principal investigators. Blood

work will be obtained prior to each vaccination (see section 8.0).

Vaccinate: Day 1, 15, 29, 85

7.3 If patient develops a severe reaction as defined as grade 4 toxicity (see

section 11.0) to the vaccine or deteriorating performance status

necessitating hospitalization, that patient will not receive subsequent

vaccinations.

7.4 Criteria for removal from study

A) Progressive Disease

B) Intercurrent Illness

C) Unacceptable Grade 4+ toxicity
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D) General or specific alteration in the patient’s condition

which would render further treatment as unacceptable in the

judgement of the investigators.
7.5

Formulation of vaccine

The established HLA-A2 matched renal cell carcinoma cell lines SK-RC-
28 and SK-RC-39 infected with the retrovirus NAP-AD/IL2, have been

shown to secrete IL-2 in excess of 20 U/ml. The stock IL-2 infected cell

lines are frozen in liquid nitrogen and stored in the laboratories of Drs.

Bemd Gansbacher and Neil Bander. Approximately one week before the

vaccination date, vials containing 10 million tumor cells (one for the low

dose and five for the high dose) will be thawed, expanded in tissue

culture, and reanalyzed for IL-2 production. These cultures have been

shown to be free of helper virus, mycoplasma, bacteria, and fungus.

On the day of the vaccination, the cells will be trypsinized, counted, and

resuspended in 1 ml of sterile phosphate buffered saline into a sterile

syringe. The syringe and its contents will be irradiated with 10,000 rads

and delivered to the outpatient department for subcutaneous injection.

8.0

EVALUATION DURING STUDY

8.1 Physical examination while on therapy prior to each vaccine.

8.2 CBC, platelet count, and differential will be done prior to each vaccine.

8.3 Chemical profile including liver function tests, bilirubin, creatinine, and

LDH will be done every four weeks for two months, then prior to each

vaccine.

8.4 Peripheral blood will be obtained for immune assays (see section 6.8).

Two red top tubes and six green top tubes will be obtained prior to

beginning vaccinations and one to two weeks after the fourth vaccine.

These will be stored in Dr. Gansbacher’s laboratory.

8.5 Chest X-ray will be repeated every 4 weeks for two months then prior to

each vaccine.

8.6 If moderate to severe toxicity is observed, pertinent tests will be

performed more frequently than indicated in the table.
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9.0

EVALUATION OF IMMUNE RESPONSE

9.1 Serologic studies

The most direct method to measure immune response to renal carcinoma is

detection of antibodies. The detection of IgG antibodies induced by immunization is

also a possible indirect measure of helper T cell responses, because induction of

high affinity, mature IgG responses requires T cell help by CD-4 positive T cells.

All patients will have peripheral blood sera obtained for serologic analysis of

antibodies directed against the SK-RC-28 and SK-RC-39 cell lines (to include

gpl60, gpl20, gpl40, and Uro-8) and autologous tumor cells whenever available.

In addition, a control for positive immune response with antibodies against

allogeneic MHC class I and II antigens expressed by SK-RC-28 and SK-RC-39 will

be done. It is expected that most patients will develop strong IgG responses against

class I and class II alloantigens expressed by the two cell lines. Antibodies against

cell surface and intracellular antigen will be detected by:

A. Immunoprecipitation of 1% NP40 lysates of SK-RC-28 and SK-RC-

39 metabolically labeled with 35
'methionine.

B. Mixed hemadsorption assays for IgG and IgM antibodies directed

against cell surface antigens (as stated above).

9.2 Cellular immune response

In selected patients where autologous tumor cells are available, MHC-restricted

cellular immune responses can be evaluated. Although cellular immune responses

are a critical measure of immune response, there are the following limitations: a)

autologous tumor cells are necessary to detect responses, b) autologous normal cells

and MHC-matched allogeneic cells are necessary to evaluate the specificity of

responses, and c) evidence of cytotoxic or helper responses are not evident without

in vitro stimulation by autologous tumor cells. Mononuclear cells from peripheral

blood will be purified by Ficoll-Hypaque gradient centrifugation. Cells will be

cultured with autologous tumor cells, interleukin-2 (20-100 u/ml) and autologous or

allogeneic stimulator cells as described for 7-14 days (reference 51). The following

assays to assess cellular immune response will be done when autologous tumor cells

are available:

A. Helper T cell Assays.

Peripheral blood lymphocytes will be cultured with autologous

tumor cells, autologous normal cells and allogeneic tumor cells

(e.g. SK-RC-28 and SK-RC-39) for 48 hours. Proliferation will

be measured by uptake of
3H-thymidine in a 4 hour pulse at the

end of the assay. Additional measures are secretion of cytokines
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during co-cultivation with target cells. Interleukin-2 production

is measured by enzyme-linked immunoassay (ELISA) and

stimulation of the reference CTL cell line. Interferon-7

production is measured by ELISA. Release of additional

cytokines can be measured by ELISA, including interleukin-4,

interleukin-6
,
tumor necrosis factor-a, and granulocyte-

monocyte colony stimulating factor.

B. Cytotoxic T cell assay.

Cytoxicity is measured in either a 4 hour or 18 hour 51-chromium release

assay (as described in reference 51).

10.0 CRITERIA FOR A THERAPEUTIC RESPONSE

10.1 Complete Response (CR): Disappearance of all clinical evidence of

tumor on physical examination, x-ray, and biochemical evaluation,

for a minimum of 4 weeks.

10.2 Partial Response (PR): Greater than 50% decrease on physical

examination or radiography (including CT scan and/or ultrasound) of

the summed products of the perpendicular diameters of all measured

lesions maintained for a minimum of 4 weeks. No simultaneous

increase in size of any lesion or the appearance of any new lesion

may occur.

10.3 Minor Response (MR): 25-49% decrease in the summed products of

diameters of measured lesions for a minimum of 4 weeks.

10.4 Stable Disease (STAB): Less than 25% decrease or increase in

tumor size for at least 3 months.

10.5 Progression (PROG): Greater than 25% increase in the sum of all

measured lesions or appearance of new lesions.

10.6 Duration of response: measured from initiation of therapy until a

25% or greater increase from the smallest sum of all tumor

measurements obtained during best response (CR, PR, MR, or

STAB).

11.0 CRITERIA FOR TOXICITY
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Toxicity will be graded and classified according to Common Toxicity Criteria by the

following outline:

0 No toxicity

1+ Mild toxicity, usually transient, requiring no special treatment and

generally not interfering with usual daily activities.

2+ Moderate toxicity ameliorated by simple maneuvers.

3+ Severe toxicity which requires therapeutic intervention and interrupts

usual activities. Hospitalization may or may not be required.

4+ Life-threatening toxicity which requires hospitalization. A toxicity

which causes a drug-related death will be called a 4F.

12.0 ADVERSE EXPERIENCE

To date there have been minimal side effects from vaccinations with allogeneic tumor

cells (23). Patients have had induration and erythema at the site of the vaccination.

There have been no reports of anaphylaxis to allogeneic tumor cells in vivo. In the

initial study of giving genetically altered human cells to patients, no additional side

effects were seen as a result of the procedure and no viable retrovirus was transmitted

(20).

Serious adverse effects of treatment (defined as grade III or IV toxicity) will be reported

to the Memorial Sloan-Kettering IRB as well as the NIH Office for the Protection from

Research Risks within 24 hours and a written report will follow in ten days to the Office

of Recombinant DNA Activities, Building 31, Room 4B11, Bethesda, MD.

13.0 BIOSTATISTICAL CONSIDERATIONS

13.1 The endpoint of this pilot study has been defined as clinical toxicity. As

indicated in Section 7.0, six patients will be treated at each dose level. If

three patients develop grade III or IV toxicity (as defined by the Common
Toxicity Criteria), then a maximum tolerated dose will be defined and the

study ended. All patients will be evaluated for immune response as

described in section 9.0, although this evaluation will not be a measurable

endpoint.

13.2 Design and sample size.

Twelve patients will be enrolled in this pilot study of tumor cell

vaccinations. Two dose levels of tumor cells will be used.
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low dose: 10 million tumor cells

high dose: 50 million tumor cells

13.3 The maximum tolerated dose will be defined as the dose of vaccine for

which three or more patients have grade IV toxicity. The trial will be

stopped at the determination of maximum tolerated dose or the completion

of both dose levels. It is anticipated that a maximum tolerated dose may not

be established in this study.

14.0 CONSENT PROCEDURES

All patients will be required to sign a statement of informed consent which must

conform to IRB guidelines. This is included as appendix A. This research study has

been reviewed by the IRB of Memorial Sloan-Kettering Cancer Center as well as the

NIH Recombinant DNA Committee. The investigator will report to the IRB and the

RAC changes in the research protocol and all unanticipated problems involving risks to

human subjects or others, and no changes will be made in the research activity without

IRB approval.
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APPENDIX A

MEMORIAL HOSPITAL
1275 YORK AVENUE
NEW YORK, NEW YORK 10021

PATIENT INFORMED CONSENT FOR CLINICAL RESEARCH

You are being asked to participate in a clinical research study. The doctors at

Memorial Hospital study the nature of disease and attempt to develop improved

methods of diagnosis and treatment. This is called clinical research. In order to

decide whether or not you should agree to be part of this research study, you

should understand enough about its risks and benefits to make an informed

judgment. This process is known as informed consent.

This consent form gives detailed information about the research study which the

doctor will discuss with you. Once you understand the study, you will be asked to

sign this form if you wish to participate. You will have a copy to keep as a record.

The research study being proposed to you is:

A PILOT STUDY OF IMMUNIZATION WITH HLA-A2 MATCHED
ALLOGENEIC RENAL CARCINOMA CELLS THAT HAVE BEEN ALTERED
TO SECRETE INTERLEUKIN-2 IN PATIENTS WITH RENAL CELL
CARCINOMA.

PURPOSE OF THE RESEARCH STUDY

Metastatic renal cell carcinoma is a disease which is resistant to standard treatment

with chemotherapy or hormonal therapy. In rare patients, the cancer has

spontaneously disappeared. This has suggested that an individual patient’s immune
system can be capable of fighting the cancer. For these reasons, novel treatments

that can increase an individual’s immune response against his/her kidney cancer are

being studied.

The purpose of this study is to evaluate a vaccine made as a result of the new
technique called gene therapy. The vaccine is made from tumor cells that have been

altered by gene therapy in order to make interleukin-2 (IL-2). Interleukin-2 is a

protein made by certain blood cells that can stimulate an immune response. In
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earlier studies cancer patients have received large doses of IL-2. Some of these

patients had reductions in the size or number of their tumors. Most of them

experienced side effects, sometimes severe. Many of the side effects were a result

of using very high doses. This new technique will use much smaller doses of IL-2

to stimulate your immune system to fight your tumor.

Other options for the treatment of renal cell carcinoma include chemotherapy,

experimental immunotherapy, surgery or radiation therapy. You should feel free to

discuss these options with your doctor. However, you are being offered this

treatment because your tumor has either not responded to standard treatment or

known effective treatments are not available.

DESCRIPTION OF THE RESEARCH PROCEDURES

The tumor cells used to make the vaccines are stored renal cell carcinoma cells

from two patients with kidney cancer. These tumor cells have been induced to

produce interleukin-2 by gene therapy. Now, these altered cells can make IL-2 and

will be x-rayed to prevent their growth of the tumor cells. This is the vaccine you

will receive, given into and under your skin in the arm or thigh.

Your vaccinations will be administered in the outpatient unit of Memorial Hospital.

You will receive a total of four vaccinations. Blood work will be taken prior to

each vaccination. In addition, a sample of blood (one to two ounces) is drawn

before and after the vaccinations to assess the response your immune cells have

had. Every two weeks for the first four weeks and then monthly during your

treatments, you will need to be seen by your doctor for examinations. X-rays and

scans will be taken before and after the vaccinations to see whether the size of your

tumor changes.

Vaccine: Day 1, 15, 29, 85

After the first course of treatment, further treatment will depend upon how your

tumor responds and what kind of side effects you have. If severe side effects are

seen, then the treatment will be stopped. If your tumors get much bigger or if new
large-sized tumors develop, treatment may also be stopped. We cannot assure you

that, even if your tumor responds to therapy, further treatment with additional

vaccine will be possible.

The dose of the interleukin-2 producing tumor cells in the vaccine will be

varied. The first six patients in this research study will be treated with a dose

of tumor cells. If they have no adverse side effects, the next group of patients

will be given a higher dose.

[938]
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It is not yet possible to say how helpful the vaccination treatments will be in

shrinking kidney cancer, or what the optimal dose of altered tumor cells should be.

This is a new technique that is currently being studied. The purpose of this study is

to determine the safety of treatment with these altered renal cell carcinoma cells.

SIDE EFFECTS

In previous studies with x-rayed tumor cell vaccinations at Memorial Hospital, the

side effects have been redness and swelling at the site of the injection. No one has

had allergic reactions to the vaccines.

The virus used to incorporate the blueprint for IL-2 is not able to grow on its own.

In a recent study at the National Cancer Institute a similar virus has been used.

Only a few patients received the virus, but so far there have been no serious side

effects. There are no known additional risks to the normal cells in your body or to

those people with whom you come into contact. However, this is a very new
technique and serious side effects may yet be seen. There is a very remote

possibility that the irradiated tumor cells used for the vaccination produce a virus

not detected with our screening methods. Should a virus be produced there is the

possibility that you may develop symptoms of a viral infection. Members of this

virus family are known to cause lymphomas in rodents. Should you suffer a severe

reaction to the vaccinations, treatment will be discontinued.

You will be informed of the progress of the research study. During the time that

you participate, you will be informed of any new findings which might affect your

willingness to continue.

If you are injured as a result of your participation in this research study, emergency

care, hospitalization and outpatient care will be available to you by the Hospital and

billed to you as part of your medical expenses. No money will be provided by

Memorial Hospital or as compensation for a research-related injury.

BENEFITS

Although we do hope that this research study will be of benefit to you and others,

there is not much experience in treating cancer patients with this technique and we
do not know if this treatment will help you directly.

FINANCIAL COST

You are responsible for the costs of the physician visits, hospitalizations, and

laboratory and diagnostic tests. There will be no charge for the growing of the
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tumor cells in the laboratory, the vaccinations, or the blood tests done to evaluate

the immune response to the vaccinations.

PRIVACY

Your research and hospital records are confidential. Your name or any other

personally identifying information will not be used in reports or publications

resulting from this study. The National Institute of Health or other authorized

agencies may inspect your records. A qualified representative of the National

Cancer Institute may inspect the patient/study records.

RIGHT TO REFUSE OR WITHDRAW

The choice to enter or not to enter this study is yours. You are in a position to

make a decision if you understand what the doctor has explained and what you have

read about the research study and other possible forms of care. If you decide not to

participate the other choices are available to you without prejudice. If you begin

the study, you will have a right to withdraw at any time. If you should withdraw,

you will be offered other available care which suits your needs and medical

condition.

TERMINATION OF STUDY

Your participation in this research study may be ended without your consent for the

following reasons:

1 . If your tumor does not respond or gets larger during treatment.

2. If the doctors treating you see side effects that they consider dangerous.

3. If you refuse to have treatment as recommended by your doctor or if you

refuse to have the tests needed to determine whether the treatment is safe

and effective.

This research study has been reviewed by the Memorial Sloan-Kettering Cancer

Center Institutional Review Board and the NIH Recombinant DNA Advisory

Committee. The Memorial Board is legally responsible for making sure that

research with patients is appropriate and that the patient’s rights and welfare are

protected.

[
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The physicians in charge of this research study are Dr. Robert Motzer, telephone

number (212) 639-6667, or Dr. Bemd Gansbacher, telephone number (212)

639-5019. If you need more information about this study before you decide to join,

or at any other time, you may wish to contact them. In the event that you decide to

participate,they should also be called if there are side effects from the research

study. A non-physician whom you may call for information about the consent

process, research patient’s rights, or research-related injury is Pat Keating (212)

639-5804.
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PATIENT INFORMED CONSENT FOR CLINICAL RESEARCH

Title: A PILOT STUDY OF IMMUNIZATION WITH HLA-A2 MATCHED
ALLOGENEIC RENAL CELL CARCINOMA CELLS THAT HAVE
BEEN ALTERED TO SECRETE INTERLEUKIN-2 IN PATIENTS WITH
RENAL CELL CARCINOMA.

Purpose: The purpose of this research study is to evaluate the toxicity and safety of

these specially altered renal carcinoma cells in patients with renal cell

carcinoma.

STATEMENT OF PHYSICIAN OBTAINING INFORMED CONSENT

I have fully explained this research study to the patient or guardian

. In my judgment, and the patient’s, there

was sufficient access to information, including risks and benefits, to make an

informed decision.

PHYSICIAN’S SIGNATURE

PHYSICIAN’S NAME
(Print)

DATE

PATIENT’S (OR GUARDIAN’S) STATEMENT

I have read the description of the clinical research study or have had it translated

into language I understand. I have also discussed it with the doctor to my
satisfaction. I understand that

my/the patient’s participation is voluntary. I know enough about the purpose,

methods, risks and benefits of the research study to judge that I (the patient) want

to take part in it.

PATIENT NUMBER

PATIENT SIGNATURE
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P. I . : B . Gansbacher

SCIENTIFIC ABSTRACT OF PROPOSED STUDIES

We propose to study whether immunization with cytokine
secreting tumor cells will induce host anti tumor responses in
cancer patients. Our first protocol will be a phase I study in
melanoma patients and will address whether allogeneic HLA-A2
matched melanoma cells expressing a recombinant human IL-2 gene
can be used as vaccine without causing major toxicity.
Furthermore, to determine whether such a vaccination protocol is
applicable for non-melanoma tumors a similar approach will be
used in renal cell carcinoma patients. Toxicity studies will be
done in stage IV renal carcinoma patients vaccinated with HLA-A2
matched IL-2 secreting renal carcinoma cells. Serologic and
cellular host antitumor responses will be assessed in both
groups

.

Autologous tumor cell lines are difficult to establish and
not available for many patients. There is substantial experience
at MSKCC and at other institutions that has established the
general safety of immunization using irradiated allogeneic tumor
cells. The choice of allogeneic HLA-A2 -positive tumor cells in
our initial studies is based on the following considerations,
first, HLA-A2 molecules expressed on allogeneic cells are capable
of presenting identical peptides derived from the same tumor
associated antigen to HLA-A2 positive effector populations.
Second, the use of a single established well characterized
immunizing cell line bypasses the necessity to introduce the
cytokine gene into autologous tumor cells for each patient.
Growing autologous tumor cells in tissue culture can be a
difficult and time-consuming procedure and the success rate for
establishing autologous tumor cell lines can be quite low. Third,
since approximately 40% of North Americans are HLA-A2 positive, a
tumor vaccine produced from HLA-A2 matched allogeneic tumor cell
lines could be used in a substantial subpopulation of melanoma
patients and renal carcinoma patients.

Evidence exists that tumor specific cytotoxic cell
precursors are present in melanoma, renal cell carcinoma, lung
and breast carcinoma patient. These effector cells have been
found in PBMC and can be expanded in vitro and in vivo. Several
laboratories, including our own have shown in animal studies that
introduction of cytokine genes into tumor cells is feasible and
that such modified tumor cells induce potent host anti-tumor
responses. Presumably, by allowing the tumor cells to present
both the antigenic peptide by the MHC- class I molecule and the
second signal in form of the secreted IL-2, allows a substantial
clonal expansion of tumor specific effector cells. By having
access to systemic circulation in vivo these effector populations
have access to residual tumor at distant sites.
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P . I . : B . Gansbacher

NON-SCIENTIFIC ABSTRACT OF PROPOSED STUDY

Treatment of patients with metastatic melanoma and renal
cell carcinoma has been disappointing. In rare patients, the
cancer has spontaneously disappeared. This has suggested that an
individual patient's immune system can be capable of fighting the
cancer. For these reasons, novel treatments that can increase an
individual's immune response against his/her melanoma or renal
cell carcinoma are being studied.

The purpose of this study is to evaluate a vaccine made as a
result of the new technique called gene therapy. The vaccine is
made from tumor cells that have been altered by gene therapy in
order to make interleukin-2 (IL-2) . Interleukin-2 is a protein
made by certain blood cells that can stimulate an immune
response. ^In earlier studies cancer patients have received large
doses of IL-2 . Some of these patients had reductions in the size
or number of their tumors. Most of them experienced side effects,
sometimes severe. Many of the side effects were a result of using
very high doses. This new technique will use much smaller doses
of interleukin-2 to stimulate the immune system to fight the
tumor

.

The tumor cells used to make the vaccines are stored tumor
cells from patients with melanoma or renal cell carcinoma. These
cells have a protein called HLA-A2 expressed on the cell surface.
Patients will be eligible who express the same protein on their
tumor cells. These tumor cells have been induced to produce
interleukin-2 by gene therapy. Now, these altered cells can make
IL-2 and will be x-rayed to prevent their growth of the tumor
cells. These IL-2 secreting tumor cells will be injected in the
skin of the thigh of eligible patients.

In this way lymphocytes which have the capability to kill
the tumor hopefully are stimulated in vivo. By having access to
the systemic blood circulation these lymphocytes can travel to
other sides in the body to fight residual tumor.
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FF Principal Investigator/Program Director (Last, first, middle):

BIOGRAPHICAL SKETCH
Give the following information for the key personnel and consultants and collaborators. Begin with the principal

investigator/program director. Photocopy this page for each person.

name position title

Bemd Gansbacher, M.D. Assistant Member 3/5/1948

EDUCATION (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training.)

INSTITUTION AND LOCATION DEGREE
YEAR

CONFERRED FIELD OF STUDY

University of Innsbruck, Austria M.D. 1976 Internal Medicine

RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with present position, list, in chronological order, previous employment experience, and

honors. Key personnel include the principal investigator and any other individuals who participate in the scientific development or execution of the project

Key personnel typically will include all individuals with doctoral or other professional degrees, but in some projects will include individuals at the masters or

baccalaureate level provided they contribute in a substantive way to the scientific development or execution of the project Include present membership on

any Federal Government public advisory committee. List in chronological order, the titles, ail authors, and complete references to all publications during the

past three years and to representative earlier publications pertinent to this application. DO NOT EXCEED TWO PAGES.

Professional Positions:

1988 * 1991 Clinical Assistant Physician, Hematology/Lymphoma Service, Memorial.Sloan-

Kettering Cancer Center, New York, NY.

Instructor, Department of Medicine, Cornell University Medical College, New York, NY.

1991 - Present Assistant Attending, Hematology/Lymphoma Service, Memorial Sloan-Kettering

Cancer Center, New York, NY.

Assistant Professor, Department of Medicine, Cornell University Medical College,

New York, NY.

Fellowship;

1976 - 1978

1978 - 1980

1980 - 1981

1981 - 1983

1983 - 1985

1985 - 1986

1986 - 1988

Resident, Department of Inernal Medicine, University of Innsbruck, Austria.

Fellow in Cellular Immunology, University of Munich, West Germany.

Internship, Department of Medicine, Presbyterian University of Pennsylvania Medical

Center, Philadelphia, PA.

Residency, Department of Medicine, Presbyterian University of Pennsylvania Medical

Center, Philadelphia, PA.

Fellowship Allergy/lmmunology, Hospital of the University of Pennsylvania,

Philadelphia, PA.

Research Associate, Wistar Institute of Anatomy, Laboratory of Dr. Carlo Croce,

Philadelphia, PA.

Oncology Fellowship, Memorial Sloan-Kettering Cancer Center, New York, NY.

Awards and
1985

1987 - 1988

Honors;
Travel Award to 4.1st Annual Meeting, American Academy of Allergy and Immunology,

New York, NY.

Young Investigator Award, American Academy of Allergy and Immunology,

New York, NY.

American Cancer Society Clinical Fellow

Licensure:
1976

1978

1981

1986

Austrian Medical License.

Italian Medical License

German Medical License

Pennsylvania Medical License

New York State Medical License
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